& PS8~ rZen |

PASSION AND CONTROVERSY IN SCIGNCE

by
Michael Polanyi

My title may sound shocking, for the first thing you know about science is that
it is dispassionate. Science is said to describe facts which are there whether you
like them or not; facts derived from the experience of things that can be sesn and
touched. Scientific knowledge is therefore regarded as matter-of-fact, impersconal,
objective, in sharp contrast to our moral convictions, religious beliefs and other
persuasions that are charged with emotion.

The father of empiricism, John Locke, has said: Whatever is not capable of
demonstration by experience "is not, unless it be self-evident, capable to produce
knowledge, how well-grounded and great sogver the assurance of faith may be wherewith
it is received; but feaith it is still, and not knowledge; persuasion and not certainty," L
How can then passiocn ever participate in producing knowledge? How can Y indood dovaught
but adulterate objective demonstration by an admixture of unwarranied persuasion?

Yot there is on record the overwhelming elation felt by scientists at the mament
of discovery, elation of a kind which only a scientist can feecl and science alone can
evoke in him. Kepler testified to it in his "Harmonicegiundi" K published in 1619. in
which he announced the discovery of his "Third Lew", connecting planetary periods and
distances. He writes:

" _ nothing holds me; I will indulge my sacred fury;
T will taunt mankind with the candid confessicon that
I have stolen the golden vases of the bgyptians, in
order to build of them a tabernacle to my God, far
indeed from the bounds of Eeypt. If you forgive me,
I shall rejoice; if you are angry, I shall bear it;
the die is east, the book is written, whether to be
read now nr by pasterity I care not: it may wait a
hundred years for its reader, if God himsell nas
waited six thousand years for a man to contemplate
His work."

We have the image of Archimedes jumping out of his bath te rush through the
streets of Syracusec shouting "Eurcka!", And we have it on record how Louls Pasteur
rushed eut likewise from his laboratory when he first separated laeve and dextro
rotatory tertrates, and fervently embraced the laboratory assistant in the ecorridor,

The outbresk of such emotions in the course of discovery is well known, but they
are not thought to affect the outcome of discovery. Science is regarded as objectively
established in spite of its passionate origins. But in my title I mentioncd passions
in science, and I do actually want to show that scientific passions are no mere
psychological by-play but have a logical function which contributus an indispensable
element to sciencs. They respond to an essential quality in a scientific statement
and may accordingly be said to be right or wrong depending on whether we do acknowledge
or deny the presence in it of that quality.

What is this quality? Passions charge objects with emotions, faking then
repulsive or attractive; positive passions affirm that something is precious. The
excitement of the scientist making a discovery is an intellectual passion, telling
that something is intellectually precious and, more particularly, hat it is precious
to science. And this affirmastion forms part of science. The words of Kepler which 1
guoted were not a statement of fact, bul neither were they mercely & report of Kepler's
personal feelings, They asserted as a valid affirmation or sciance something else
than a fact: namely the scientific intercst of certain facts, the facts just
discovercd by Kepler. They affirmed indeed that these facts are of immense scientific
interest and will be so regarded so long as knowledge lasts, Nor was Kepler deceived
in this majestic sentiment. The passing centuries have paid their cunulative tribute
%o his vision, and so, I belicve, will the centuries yet to come.

The function which I attribute hera to scientific passion is that of distinguishing
between demonstrable facts which are of scientifie interast, and those which are not,
And herce also of serving as 2 guide in the assessment of what is of higher and what

1. Jobn Locke, "Third Letter on Toleration”.




= Sk

of lesser intorest; what is great in science, and what relatively slight., I want to
show that this appreciation depends wltimately on a sense of intellectual beauty;
that it is an emotional response which can never be dispassionately defined, any more
than we can dispassionately define the beauty of a work of art or the excellence of

a noble action.

I+ is true that the scientifiec walus of an cbservation usually increases with
its generality, But unigue facts may also possess profound scientific significance,
Take Tycho Brahe's discovery of a nova, & new fixed star, in 1572, or the synthesis
of urca by WBhler in 1828. The great scienvific value of these discoveries lay in the
fact that thoy fundamentally changcd our conception about the neture of things., The
birth of Tycho's new star proved that the cmpyrean was subject to change. Its occurrence
invaded the last arca of the universe still roserved to the rule of divine principles
and annexed it to the realm of accident and ecessity, a fit subject of empirical
science. By this discovery Tycho anticipatoed Newton's demonstration that the same laws
governed the stars in their courscs and the swing of a clock's pendulum, Similarly
WBhler by his synthesis of urea breke tirough the barrier between the inanimate and the
living, He proved that no 'lifc—foree' was required for the production of organic
matter, and thus opencd the path to bicchemistry.

Discoverics like those of Tycho or WBhicr are valued for the breadth of their
implications, even though they establish no new ceneral laws. They offer something
more vague and also wore profound: namely, a Truer understanding of a large domain
of experience. Generality is indeed but an aspect of profundity in science, and
profundity itself, as we shall see, but an xpression of the fesling that we are making
a new more extensive, contact with reality.

The following case of scientific glory blighted by the later progress of science
will illustrate this point. In 1914 T. W. Richards, then Profsssor of Chemistry in
Harvard, was awarded the Nobel Prize for his detormination of some stomic weights with
an accuracy far surpassing that which had been achieved belore, His results have never
been contested. But in 1932 Frederick Soddy could write of them that they appear now
"of as little interest and significance as the determination of the average welght of
a collection of bottles, some of them full and some of them more or less empty." It
had been realised that the value of atemic weights rusulted from the accidental
proportion in which the constituent isotopcs happen <o be present in the element as
found in nmature. A magnitude that had sesmed o characterise a deep scated feature of
the universe, had turned ocut to have no such bearing. Though Tactually correct it had
proved deceptive, because — contrary to expectation - 1t did not correspond to
anything substantizl in nature. When thc exact atomic weight of an element ceased to
be of interest to scicncs, what had scemed importent had turned out to be trivial.

Though not definable in precise terms, scientifiec valuc can as a rule be reliably
assesscd, Its appraisal is reguired and depended upon every day in the process of
sdvancing and disseminating science, Referces consulted by journals have to judge
whether tho scicntific interest of a contribution would justify the expenses of its
publication. Othors have to decide whather the eward of = research grant is worth
while. Scientists mast be able to rccognise what is manifestly trivial, just as what
is manifestly false, When the distinguishod German physicist Friedrich Kohlrausch
(1840-1910) declared in a discussion about the aims of natural science, that he wgquld
be pleased to determine accuratcly the specd of water running through the gutter, he
was talking utter nonscnse. He made no false statement of fact, but he complately
misjudged the .ature of scientific value; for tho accuracy of an observation does
not in itself meke it valuable to science.

The foolish promisc made by Kohlrausch was of course not his true intention., He
was merely cxoounding a false theory of scicnce more sronaisztently than is usual;
relying on it, no doubt, that the errors of philosophy arc only ridiculous and its
extravagances do not influcnce our lives. 1 But in doing so he demonstrated
involuntarily that such absurd conclusions can be avoided - without inconsistency -
only by abandoning altogether the ideal of a strictly objective science,

To +his revision of our scientific ideal we may find a clue in Kepler's titles
"Harmonics of the World". It suggests That we should acknowledge our capacity for
recognising scientific walue by our sense of narmony - by our cmotional response to
the intellectual besuty of scicnce, #And since no part of scicnce can be szid to be
beautiful unless it is glso believed to be true, wo mast elaim for this emotional

1. FHume, A Troatise on Human Nature, Part IV, Soction VII.
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rosponse also that it makes contact with reality. 4 discovery is beautiful if it
reveals a new vision of reality. This is the newes to which tho ecientiet's heart
gocs out: this the cbjeet of his secicntific passion.

Discovery roveals new knowledge, but tho new vision which accompaniocs it is not
knmowledge. It is less than knowlcdge, for it is a gusss; but it is more than
knowledge, for it is a forcknowlodge of things yot unknown and at present perhaps yet
inconcoivable. Our vision of tho general nature of things 18 our guide for the
interpretation of all futurc oxperience.

Such guidance is indispenssble. Theories of the scientific method which try to
explain the establishment of scientific truth by any purcly objective procedure ars
dooned to failure, MAny procuss of enquiry unguided by intellicctual passions would
inovitably spread out into a desert of trivialities. Our viaion of reality fo which
our sensc of scientific beauty rosponds must suzgest $o us the kind of questions that
it should be rcasonable and interusting to explore. They should recommend the kind of
conceptions and empirieal rclations that are intrinsically plausible and which should
therafore be upheld - even when gsome vvidencoe scems to contradict them; and tell us
also, on the other hand, what cmpirical conncctions to reject as specious, even though
there is evidence for them, and even though we may es yet be unable to account for
this evidence on any other assumptions.

In fact, without & scale of intercst and plausibility bas=d cn a vision of
reality nothing can be discovered that is of value to scicnes; and only our sense of
seientific beauty, responding to the evidencc of our senses, can cvoke this vision,

Such is the selective function of scigntific p
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This function is continuous with another which comss out cléarly in the part of
Keplar's text which precedes the words I quoted beforc. He writes 1in

Ay
MEING & e

-y What T prophesied two-snd-twenty ycers ago, =25 soon as 1
discoversd the five sclids among the heswvenly orbits — what I firmly
believed lonz before 1 had seen Ptolemy's Harmonies — what I had
promised my friends in thc title of this fifth book, which I naned
before I was sure of my discovery - what sixteen years ago I urged to
be scught — that for which I have devoted the best part of my life to
astronomical contemplations, for which I joined Tycho Brahe . . .

at last I have brought it to light, ~nd recognised its truth boyond all
my hopes . . . . S0 now since eighteen months ago the dawn, three
months ago the proper light of day, and indccd a very fow days ago the
pure Sun itself of the most marvellous contenplation has shonc forth -
nothing holds me; I will indulge 7y sacred fury . . « "

It is clear from this that intcllectual passions not mercly affirm the oxistence
of narmonics which foresh=dow an indcterminate range of future discoverics, but that
they can also cvoke intimations of specifiic discoveries and sustain their peraistent
pursuit through years of labour. The apprceciation of scientific value merges here
into the capacity for discovering it; even as thc artist's sensibility merges into
his croative powers, Such is the heuristic function of scientific passion.

But the words of Kepler show us also that this truth-bearing passicon is far
from infallible. Xepler rejoicee in his discovery of the five solids among the
heavenly orbits; he thought that the sclar distances of the six plancts kmown to him
corresponded to the sizes of the successive Platonic bodive as messured by the radii
of inseribed snd circumseribed sphores. This is nonsonse, and We would regard it as
nonsense today, however sccurately it corrosponded to the facts: mnorely and simply
because we do not believe any longer that the fundamental harmonics of the universe
are disclosed in nurmbers and goomctrical fisures. But though this view of reality
led Keplor astray in this casc, it was closc enough to the truth to guide him aright
to the discovery of his three laws of plenctary motion, Therefore Kepler remains &
groat scientist to us, in spite of his crroncous reference to the Platonic bodies,
It is only when he talks of such things as the mind rusiding in the sun which
listens to the planets, and puts down in musical notation the suveral tuncs of the
plansts, that we no longer regard inm as a scientist, but as a mystic. W¢ draw here
a distinetion between two kinds of error, namely between scientific guesses which
have turncd out to be mistsken, and unscientific guesscs which are not only false,

but incompotent.
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Soientists — that is creative sciontists - spend their lives in trying to guess
right, They arc sustained and guifed therein by their heuristic passion. We call
their work creative because it chang.s the world as we sce 1%, by decpening our
understanding of it. The chenge is irrevocable, A problem that I have once solved
can no longer puzzle me; I cannot guess what I already know, Having mede a discovery,
T shall never sce the world again as boforc., My eyes have bocome different; I hawve
made myself into s person secing and thinking differently. I have crosscd a gap, the
heuristic gap which lies betwecn problam and discovory.

To the cxtent to which discovery changus our interpretative framework, it is
logically impossible to arrive at it by tho contimicd application of our previous
interpretative framework. In othor words, discovery is creative also in the sense that
it is not to be achieved by the diligent application of any previously known and
specifiable proccdure. Its production requircs originality. The application of
existing rules can produce valuable survcys, but they ecan as little advance the
principles of science £8 a poem can be written aeccording to rule. We have to crogs
the logical gap between = problem and its solution, therefore, by relying on the
unspecifiable impulse of our heuristic passion, and must uadergo as we do S0 a change
of our intellectusl personality. Like all venturcs in which we ¢ mprechensively dispose
of ourselves, such an intentional chango of our personality rceauires a passionate
motive to accomplish it. Originality wmust bo passionate,

But this passionatc guest sceks no personal posscssion., Intellectual paasions
are not like appetites; they do not roach out to grab, but set out te enrich the world,
Y=t such & move is also an attack. It raises = clain and mekes a tromendous demand on
other mon; for it asks that its gift — its gift 1o humanity — be accepted by all,
In order to be satisfied, our intellectual passions must find responsc. This universal
intent creates a temsion. We suffer when e vision of reality 1o which we have committed
ourselves, is contoumptuously ignorcd by others. For a general unbelief threatens to
evoke g similar rosponse in us which would imperil our oOWwn convietions, Our vision
mist conquer or dic,

Like the houristic passion from which it flows, the poreuasive passion too finds
iteelf facing = logical gap. To tho extent o which a discoverer has conmitted himself
to @ new vision of rcality, hc has scparated nimself from othors whe still think on tho
old lines. His persuasive passion spurs him now to cross this gap by converting
everybody to his way of seecing things, cven es his houristic pession had spurred him
tp pross the heuristic gap which scparated him from discovery.

Wo can now sce the groat difficulty that may arise in the attompt to persuade
others to accept 2 new idea in scicmes, To the extont to whien it reprosents a now
wey of rcasoning, we cannot convince othurs of it by formal argumcnt, Tor so long as
we argue within their framework, Wwe can never inducc them To abandon it., Demonstration
must be supplemented therefors by forms of persuasion which can induce a conversion.
The refusal to cnter on the oppenent's way of arguing must be justified by neking 1t
appear altogocther unreasonable.

Such comprehensive rejection cannot fail te discredit tho opponient. He will
bo madc to appear s thoroughly deluded, which in the host of the battle will casily
cotic to imply that he was a fool, a crank or a fraud. And oncc Wo are out to ustablish
such charges we shsll readily go on to oxpose our opponent as A notaphysician, a
Josuit, a Jow or a Bolshevik as the case may be Or — speaking from the other side of
the Iron Curtain - as an 'ocbjeetivist', =n 'idealist' and a 'eosmopolitan', In &
clash of intellectusl pessions cach side nust inevitably attack the opponent's
peTsSon.

T shall recall herc threc controversiuvs to illustrato this. They occurrad in
the Nincteenth Century and their cutcome has had an cffietive part in developing our
present sensc of scicntific valuc.

Tha firet of these conflicte, though bricf, was momcntous. The quixotic attack
of the young Hogel on the empirieal method of scicnce and his swift defeat at the
hands of the scientists was onc of tho great formative expericneos of modern sclence.
In the yoar 1800 a band of six Gorman astronocmers led by Bodu set out to secarch a new
planet to fill a gap between Mars and Jupitor in the pumerical scries of planctary
distances discovered by Titius and lmown as Bode's Law. The sorias 18 ?btained by
writing down the number 4, followed by the series 3+4, 2.35+4, 22.3+4, =l o e o
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etp, this gives for the first seven places: 4. T, 16, 16y 28, 52 110G, which can be
shown +o correzpond pretty well to the ralative distances of the six planets known
in 1800, provided you leave ouz the fifth number., Setting the distsance of Mercury
arbitrarily =2t 4 you have the tables

Bode's Law.

cbserved predicted

Mercury (4) (4)
Venus ! 7y
Earth 10 10

Mars 15 1A

S 28
Jupiter he 52
Saturn G5 100

orn on an eagwiry following up A regularity of numbers
d only be accidental, On the zrounrs thail nature, shaped
tional sequence of numbers, he postulated

The young Hegel poured ScC
which, being meaningless, coul
by immesnent reascon, must be governed by 2 ra

that the relntive spacing of the planets must conlorm vo oo 'vtPﬁgcr,ﬁn series
2= g 9 35, Zf. This would pradict = large gap botween the 4th and 5th planet,
i.g. Mars and Jupiter. The guest for 2 planet te Till this gap was therefore
nonsensical, :

However, on January 1lst, 1801, Bode's party of tronofiers discovered the small
planet Cercs in ihe region 1n guesticn. olnee then over 500 small plarets were found
in that neighbourhcod, © and it may be that Those Ae fragments of a full sized planet

that took this place before.

Hegel was discomfited 'nd the astronomers triumphwd uproariously, This wis all 10

the good, for it confirmed 2 juster scnse of scien tific value. But we should realise
ithat it had listle else to support it., Whether Bode's Law has any rational foundation
or has been Tuifilled so far by mere coincidence (as Hegel had sa aid) is still open %o
question today: opinions have changed on the subicet repeatedly during the last 15
years., 3 So Hegel may have besn right in rejecting the sstrononers! grounds for

their scarch for a new planet. Nor wWas H.gel's series refuted by the discovery of
Ceres in the zap between Mars =nd Jupiter. For on examining the figurcs one finds -
rather surprisingly — that Hegel's serics, 11ko Bode's, agroas very much better with
the relative distances of the planets if you loave out its fiftn “nhtar; it ia easy
to confirm this by nid of the table illustrating Bode's law. Hegel was presumably
00 angry with the astronomers to notice that his own Tneory _hlly ondorsed their
enterprise, and nobody scems tc nave ooked ot the fipures since then,

Yot I agrec that the astronomers were right and Hegel was wron Why s0?
Because the astronomers' guess lﬂ; within uﬂﬂ.“l?'klj gciontifiic JFEtEm *nd so 1%
wes a kind of gusss to which nstronomers s scicntists are entitled. It waa 4

competent zuess, and — if Bode's Lew has any truth in 1% - &ven a Wrue puess; while
Hegel's infurcnee wois altogéther unscientific, incompetent, Fortunately Hegel guessed
wrong and the sstronomers, though their guocss WS perhaps unjustified, did hit the
merk., But even 11 Hb;th“ gucss had ;r;.u* ri;at and the astronomars' wrong, we
would atill reject Hegel's vision of reality m=nd cleave to thet of the astrononers.

1. Hegel, Dissertatio philosophica de Orbitis Flanctarum [lEDl) Werke, Berlin, 18354
vol, IXVI, p.28

5. H, H, Turner, Astronomical Discovery, 1904, A

%. An attempt to interpret Bode's lew rationally by de riving it from a theory of the
planetary system was made by C. F. von WeissHcker in 1943 (Zs. flr Aatruphyslk
Vol. 22, 1944, p. 319). But from = later paper it appears that the problem is
still in flux (see C. F. von WeizsHcker Festschrift der Akademie der

Wisscnschaften in GBttingen 1951, . 120).
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dvulsion against Hegel's Noturphilosophic was violent and lasting,
Empiricism henceforth ruled unchallenged., But unfortunately the empirical method of
enquiry — with its associnted conceptions of scientific wvalue and of the nature of
reality — is far from unambiguous, and consequently, conflicting interpretations of it
had ever again to fight each other from either side of a logical gap,

In his Doctoral Thesis, presented in 1875 to the university of Utrecht,
J. H. van t'Hoff had put forward the theory that compounds containing an asymmetric
carbon atom are optically active. In 1BY7 there appeared a Gormnan trarsistion of this
work with a commendatory introduction by Wislicenus a distinguished German chemist and
an authority on optical activity, This publicqtiion 2voked a furious attack from Kolbe,
ancother loading Gorman chemist, who had Tocently published an article "Signs of the
Times", 1 4in which he castigated the decline of rigorous sclentific fraining among
German chemists: a decline which, he said, hod led to 2 renewed sprouting of

"ithe weeds of a seemingly leoarned and brilliant but sctually

trivial and empty Philosophy of Naturs, which, after having been

replaced some 50 y2ars ago by the exact sciences, 1s now once more

dug up by pseudo-scilentistis from the lumbsr room of human fTallacles,

and like & trollep, newly attired in elegant dress and mske up, is

smuggled into respectable comparyy, to which she docs not bslong.®

a
Now, in = second paper = he gave as a further exanple of this aberration an

apcount of van t'Hoff's work which "he would have ignored like many othecr sfforts
of its kind" but for "the incomprehersible fact" of its warm recoumendation by so
distinguicshed a chemist as Wislicensus, So holbe wrote:

"y cortain Pr. J. H. van t'Hoff, caployed by the Veterinary
Acedemy at Utrecht, appsars to have no t=ste for exact cnomical
rescarch, He found it more convenicnt o moumny Pogasus
(borrowsd no doubt from the Veterinary Academy) and to proclaim
in his La Chinie dans 1'espace how on his daring flight tTo the
chemical Parnassus the atons appeared to him dispeosed in world

el = S |

's comment on the introducticn given by Wislicenus to wvan t'Heff's theory

Kolbe
reveals the principles of his criticism in furthor detail, Wislicenus had wrltten of
Uihig real =znd imporiant step in $he advancement of the theory of carbon compounds,
a step which was orgonic ] iy necassary.” Kolbe asks: What is "the theory
of carbon compounds? What is meant by saying that "this step wes organic and necessary"?
ind he gocs on: "Wislicenus nas here expelled himsclf from the ranks of axact
scicntists and has joined instead the nature philesophcers of omincus REmOTY who are
gseparated only by 2 slender 'medium' from the spiritista.”

Scientific opinion eventually ropudisted Kolbe's attnck on van t'Hoff and
Wislicenus, but his suspicion of speculative chemistry ("paper chemistry”) continued
to be shared by most of the leading chemical journnls, which rofuse up to this day
contributions containing no ncw experimental results. In gpite of the fact that
chemistry is lsrgely b-s-.d on the speculations by Dalton, 3 Keltule and wvan t!'Hoff,
which were initislly unseccompanied by any experimental observations, chomists stall
remain suspicious of this kind of work. Sinece thoy do not sufficiently trust
thomscolves to distinguish truo thooretical discovorics from empty gpoculations, they
feel compelled te act on a presumption which may one dny cause the rejection of a
theorotical paper of suprenmc importance in favour of comparatively trivial
experimental studivs, So difficult is it uvon for the cxpert in his own field to
distinpuish scientific merit fron incompotent chatter by applying the eriteria of
ehpiricisn.

Nor docs this apply only to purcly theorctical discoveries. The great
controversy on the nature of alecholic fermentation wieich, startiing in 1839, went
on for almost forty yeare, showsd that thnc verification of an cxperinental
obscrvation 1ay run into preciscly the seme difficultices. From 1835 to 1837 no
legss than four independent observors (Cnignard de 1la Towr, Schwann, Klltzing and
Purpin) had reported that ycast produced during fermentaf-ion was not n chemical

1. Kolbe, Journ, flir praktische Chemic, 14, 268 (1877).

2. Kolbe "Zeichen der Zeit II" Journ. flir prakt, Chem. 15, 473, (1877).
Tho above summary of the first papcr is gyeted Irom the second paper.

3. TFor the cnse of Dalton, sce H. E. Roscoe md A. Harden, & New Viow of the
Origin of Dalton's Atomic Theory, London, 1896, p.50.
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precipitate, but consisted of living collular organisos which multiplicd by budding,
and they had concluded that fe Toentation was a living funection of yeast cells,

But this Wuﬂt agninst the overmastering int l*b:thﬁl passion of conienporary
soientists, n 1828, Whhler hac synthetised urca fron inorganic raterials and had
triumphantly dl”*“ﬂ?id thoroby the existence of powors hithurto as scribed cxclusively
+5 living beings. Liebig had followed auit by leying the foundaticns of a c chomical
Enprﬂﬂch to all living metter, and Berzelius ha id recognised that platinum cﬂuld

specd up reections occurring in its prosunce, in the sameg way in which fe rmentation
was c-used by yeast, 411 three groat mastors pour.d scorn on the elaims which they
rogarded 8 = fantastie resurgoence of the kind of "witalism" they had banned for owver.
WBhlor and Liebiz publishcd an elsborate skit maleing fun of thosc absurd spoculations.

In 1857 Pasteur cntered the list on the side of tho "wvitalists"., His investigations
on ycast and pu trafaction involved him 2t the samc tias in anotner fiured CONLrovarsy
of longer standing, the guostion oy 'spontancous generation’, In this, too, he was on

the side considered ~t tho time ruactionary (and which is still so cobsidored in the

Soviet Unic I which denicd that living buings could bo nroduced uxperinentally fron
_5 l i ._‘ir
dzad nziffr.

The reason why both thusu controversics dragged on indefinitely is rovealed by 2

romarc of Pasteur's copcerning his own srgulicnts 1or regarding forpontation as a
sunction of the living calls of yeast: "I anyonc shoula say thot ny conclusicons go
bayond the gotablishad facts (h_ wrote ] I wonld mgree, in ThS 3UnSo th=t [ havig takon
my stand unres.rvedly in an order of 1d.ns shich, strictly spenking, csnnot bo
irrofutably demonstrated.” a This crder of idoas wos thorufore soparstoed by
logical gap from thrt cntertaincd by Liebig, Whhlor ~ud any othaer great Hon of his
+ime, The schism wWas eventually bridged by ¢ conceptunl reform induced by Buchner's
discovery in 1897 of zymase in the liquor squeca zed out of yeast cells. The agent of
fermentation was proved o desd cotalyst of the kind imagined by Liebig and Berzelius,
but it alsc proved = vital organ of yerst cells, =23 Prasteur and ELE CTeCUrsors alnce
Coignard de la Tour had affirmed; the new conception of intra-cellular enzymes
combined these two aspecis. >

1. R, J. Dubos, Louis Pasteur; 1950, p.120-1Z1,

i

2. WBhler =nd Liebig, Amnaler der Phammacie, Vol.z2Y, 1839, p.100.

%, BSee for example the wioclent nt
("i‘" Coquart Dmifiri Pisarey, Pa
today in the Soviet Union as nroofs o pontaneous seneration of ol Tl

organisms were carried out by Lepeshinskaiz (see Th., Dobsbrnsky, Procsedings

o

of the Hamburg Conzress on Science and Freedom, London. 1955, p-219).

) 12 . 4., Tubos op. cit. p.lEE
J. B. Conant Pasteur's and Tyndall's Study of Spontaneocus Generation, Harvard
Univ. Press 1953 suggests {p.lﬂ} that the most convincing evidence for the
impoasibility of spontanecus generation ia to te found "in the whole fabric
of the results of the study of pure [} erizl] cultures in the last sixty
or seventy years". The suthor impliss here that all the experiments made o
decide this question from the _JL,}llLH of Spalangani's studies in 1768 up

Tom
to 1880-1890 could be interpreted in terms of either opposing systems of thought.
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aclks on Pasteur oy Plsarev published in 1865,
56 }. Experiments nacknowledged
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5. The way an apposite rnew conception csn reconcile WO alternative systems of

i_l

interpretation which hitherto ,dmpiﬁgj'y axcluded each other, 13 illustrated
by Braid's conception of 'hypnosis', which ~oknowledged the rE*11t“ of the
very features of Mesmesrism which were nitnerlﬁ trken to prove its
fraudulence, while rejecting the evidence for animal EEE“F*iET' which

hed been regarded == its claim to scientifie anlﬂdlfb, but was in fact

illusory,
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The great scientific controversics which L have just recalled were conducted in
passionate =ccents, as was insvitable between contestants who shared no commeon
framework within which 2 more imperscnal rhuceruv: could be followed, Kolbe could
not argue Ageinst van t'Hoff. He guoted with ironical glee van t'Hoff's description
of the disposition of atoms in spirals, which to nim was sufficient evidence that
the new theory was a tissue of fancies, From his cwn point of view he was right in
refusing to enter into any detailed ~argument on these lines, since he denied that one
could ergue rationally in terms of such wild ideas. The ircnical travesty by
which WBhler and Liebig replied to the papers of Caignard de la Tour, Schwann and
others, claiming that ferm*n:Fblmu is a funetion of living yeast cells, sprang from
+he same view that an nrgument believed to be wholly Hpéﬁiﬂuﬂ cannot be seriously
discussed point by point. A Western scientiat challenged to ansWer Lysenkno'!s biologieal
theories would similarly refuse o discuss tnem on the Marxist-Leninist grounds on
which they are put forward; while Lysenko would refuse to consider the statistical
evidence for Mendelism on the grounds that "in science there 1s no place Ior chenge" -

There are serious gusstions still open today concerming the nﬂtwv& of things.

At least, 1 believe them to be opsn, though the areat majority of sclentists are, a8
usual, convinced that the view which they hold is right =nd meet ony challenge fo It

=

with scorn. A4 notoriocus example is offered by extra sensory perceptiom, Thoe sridence
for it is ignored today by scilence in the hope that 1t will one day find scme trivial

explanation. In this they may be right, but I would reapuct those too who think they
may be wrong, Jud no profit-ble discussion is E::aihl_ tween the two.
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inother exsmple. Neurclogists today Accept ~lmost without exceptiin tne
assumpticn that all conscious ment"l processcs can D interpreted as epiphenomena of
a chain of materis (=
Professor Kapp, nave itried 1o :hﬂw that this ig logicelly untenzble, =snd I myself
believe he is right. But to my Xnowledgs only one neurcloglst, namely FProfessor
J. C. Eccles, haz gone so fhr 1S +u mend ta ngur%lajicil model of the brain by
introducing =n ini thee will intzrvence to determine the choice between
possible alternative iﬁu'fiﬁﬂr. This sugsgcstion is scornfully ignored by all
other neurclogists, =nd indeed, it is difficult %o =rgue profitably about it from their
point of view.
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ts ooecurrific 11 the neryous syatien, S OMme n.'._:.t.u'l-_, like

A similsr schism is present today between the ruling gechool of genities, which
explsins evolution as = result of a haphazs .rd sequence of mutations, and writers like
Grabam Canmon in England, Dalcg in Belgium, Vandel rnd others in France, who consider
this explanation guite in=adequatc and support the assumption of z harmonicus adaptive
power controlling the most imporiant innovations in the origin of phyla,

Some people may listen to these illustrations with impaticnce, for they believe
that science provides a procedure for deciding any such issucs by aystematic and
dispassionnte empiricnl inwvestigatioc However, if that wore clearly the case,
therc would be no risson ic be =ngry Hltﬁ me, My srgumont would hsve no persussive
force, and could be ignored withouti Angor.
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A%t any rete, lot me make quite clear whet I have urged here. I have salid that
intellectusl ;assions hsve sn affirmati euntunt; thoy affirm the scientific walue
of facts, as against any le=ck of such lﬂtufubt in others. This selective function -
in' the mbacrice of which scionce could not be defined 2t all - 1s eloecly linked to
another function of the same prssions in which thedr cognitive content 1s supplemented
by a constive componcnt, This is thoir heuristic Tunciion. The heuristic impulse
links our appreciation of scientific values to =2 vision of reality, which serwves as
a puide tc engquiry. Houristic passion is also the mainspring of originolity —
the force which impels us to abandon =n accepted framework of intcrpretation, and
commit cursclves by the croasing of a logical gap, to th: usc of a ncw framework.

1, Pravada, August 10, 1948, Quotcd by Sidney Hoolk "Marx and the Marxists".
Amvil PUhllC“thﬂ New York, 1955, p.235.

2, Eecles, "The Neurophysiologicnl Basis of Mind", Oxford 1953, p.271-286
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Finally, heuristic passicn will often turn (znd have 1o turn) into persuasive
passion, thc mninspring of 211 fundamental controversy. I am not advoeating the
outbresk of such passions. I do not likc to sce a sclontist trying to bring an
opponent into intellectual contompt, ~nd to silince him in order 1o gnin attention
for himsclf: but I ackmowledge that such me-ns of controvorsy may be tragieally
inevitable.
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I certainly. affirm that passion snd controversy moved by yasaion, must continue
& ud ?
in seience, Andjwould add to this my belicf, thot if this amendment to our conception
of scieneco be accepted, it would have to bo followed by othors which would lead to a

fairly comprehensive rovision of our philosophy of science.




