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g Hevtey, -1= B.B.C. Mai 1949.

Electrons are charged particles, the minutest we find in
analysing the ultimate constitution of matter. To think that
such a particle can think is so absurd, that I might give the
eanswer No and have my talk over. However the idea has been
launched not very long ago. Not, .or course, in this patently
absurd form, bntj\m.r a dlmng\. Of late it has off and on
met with quite honourable reception. Some intellectual hope
has been set on it. I wish to plead here for the futility of
this hope. To explein matters I must go far back.

There is a very old dilemms in natural philosophy: are
our bodies and the bodies of the snimals machines that act of
necessity, sccording to their material constitution and under
the materisl influence of the environment, including the im-
pressions on the nnn organs ¥ This question - are we auto-
matons ? - has about as often been answered emphatically in
the positive ss in the negative. It would lead us too far
to follow all the arguments that came to the fore in the long
hiitory of the controversy. Strange compromises were suggest-
ed. Descartes, for instance, deemed us to be on the whole
sutomatons, only the pineal gland, he said, was not. Accord-
ing to Descartes it was this organ which controlled and direct-
ed all our spontaneous bodily movements.

What is the present attitude of physiology to the question ?



We may take for it the word of its past master Sir Cherles
Sherrington. According to Sherrington there is no boundary
between the snimste end the insnimete. The same laws of
physics and physical chemistry hold within the living body as
outside. The most careful investigation of the physiological
processes, in the nerves and in the brain, revesls no leverage
whereby mind could teke direct influence on matter. "Mind,
per se (that is by its very nature), cannot play the piano -
mind per se cannot move a ri;:ger of & hand."

This leaves us with the outlook that our body is as suto-
matic or non-sutomatic as sny inanimate piece of matter, any
mechsnical, chemical, electrical contrivance, only infinitely
more complicated than even the most ingenious men-mede machinery.
The question is thus referred from the tribunal of physiology to
thaet of physice and chemistry. But in the tribunal - to keep
to the simile for a moment - there sits by the side of the
judges & non-jurisprudent assessor, namely our own little self
which finds it distasteful to pass for an automaton.

Now what doF_g_!_ physics say to it ? The gituation is pecul-
ier, From the earliest boziuniné. of physical science we meet
with the firm conviection, thet every thing that happens is gov-
erned by invioleble laws, so that the course of events forms
on ineviteble snd wnaltersble infinite ssquence of ceuses and
effects. The first atomic physicist was Leucippus, & contemp-
orary of Socrates in the fifth century B.C. Of Leucippus only
two sayings are preserved, one that he refused to believe that



Whal Cov e
sun, moon and the stars are living beings, the ot.her./{that
nothing comes to pass without a cause, but everything happens
by reason and of necessity. This he mesintained in the 5th

an
eentury B.C. | Towerd the end of the 19th century A.D. physic~
ists were fully prepared to endorse his opinion.

But now comes the peculiar thing. Twice within 2%
thousand years there was a notable departure from the belief
in the strict necessity of physical events. The first time
this happened only sbout 150 ycurs after Leucippus. Ve
gather this from the didactic poem of Lucretius, who was the
p6sthums mouth-piece of Epicurus, who lived in the 4th cen-

tury B.C. Their suggestion had no consequences, it was all
but forgotten. The second time the strictly causal linkege
in the chain of physical happenings was thrown into doubt 30
years 8go by Franz Exner in Vienna. About 10 years later
»'i‘v% #%o%cf 08 ¢t jcausation became part and parcel of
/the New Creed now edopted by most physicists and called Quan-
U T w oot

Both times, the/breek-down of strict csusality in the
domain of physics was hailed for removing the obstacle in our
understanding the spontaneity of the movements of the animals
and of man - in understanding free will, as one usually calls
is. Let us see whether this cleim is justified.

The hypothesis, as reported by Lucretius, was very simple.
indeed. &Jut states that the atoms do swerve in a very

small but entirely undetermined and unforeseesble way from the



courses you would expect them to take from supposed strict
physical laws. No theory of the swervep is offered. This
amounts to saying that the strict laws are only figments.

The actual path of a particle is to a small extent arbitrary
in the neighbourhood of the fictitiously prescribed path.

It is not 1llogical to surmise that the seversl little arbi-
mnn of the single atoms collaborste to bring sbout

the apparent arbitrariness in the behaviour of the animals
end of men, / What Lucretius forgets is that he has explained
nothing, he L;;l solved no problem. He has only referred the
problem back to the ultimate particles, where it has beconme
much more difficult to grapple with. - The simplest spontaneous-
bocuy movement, say the lifting of my arm, would require the
M@gntiog of billions of single atoms in their un-
determined swerves, if they should bring about the integrated
action.

In modern physics the denial of strict causation is of
entirely different nature, in two respecis. First there is
no question of only small ¢ departures from a fictitious exact
law of motion. The behaviour of primal particles, as elec-
trons for instance, or of small atomic systems composed of only
a few of them, is now supposed to be undetermined and unfore-
geesble within a wide margin of uncertainty. It is thought
that in times we have to allow a particle the choice between
oﬁord entirely different courses to teke. Let this for
the moment be f{girative speech, mesning only that nothing
in the observed situation determines the course the particle
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actually tskes. / But on the other hend the situation is sup-
posed to determine with rigorous precision the statistics of
the various possible "choices". Given the uu:";uuanon
over and over again the particle will, for instance, in exsct-~
ly two thirds of the cases follow one course, in one third of
the cases the other one; and similerly when there are more
than two courses to follow.

Again, the same as 2000 years ago, it has been suggested
that this breach of strict causation leaves room for the dis-
pley of the spontsneous movements in the animels and in man,
Is this claim justified ? I think not. There are grave ob-
jections from physics, from physiology end from philosophy.

From physics: Af the individual or its mind or whatnot
could make free use of the "choice" left to the single elec~
trons, this would infringe the statisticel laws, when a synop-
tic view of meny similar ceses is teken. This is as bad or
as good ss & bresch of strictly causel lews. If we mpond

pb:uet 1n the }{ﬂu body we can explain llwthhl: I have
put this point m;ny -nd crut.iouuy It could be clinched
in all detail.

To explain the physiological objection, let me still ob~
serve, that physics strictly disallows s mutual dependence of
the "choices" taken by verious electrons unless they are
close neighbours. One would therefore have to assume = and
this has been proposed -« & master-cell and within it a master-

molecule. Here the choice on the atomic scale would take

l,; /44 <L
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piace and/determine a spontanscous movement of the whole body.
This is flatly contradicted by what we know sbout the function-
ing of the brain. The number of brain cells coopersting in
such & cese is enormous and the idea that they should slwwys
be set at work by one master-cell - even if it were not to be
slways the same one - is ludicrous.

" But essume you could override even this objection - there
might be s delicate system of reley-sction which we may have
hitherto failed to discover. Then I em left to believe that
s single electron or s very few of them, by making use of the
free "choice" mwmunxm-tmuumwma
ensct & movement of my body. liowever this movement is some-
mmw.zmmm-mum
painful weighing of motives. This ultimately disposes, say.
my mouth to open snd to pronounce the name of & person I
hesitated to give awey.

It is mot only obvious but sctually indubiteble that the
wmwmmmanwmnmm
billions end billioms of cells. To sssume that this sctiviy
Mmmuwmumwmm
of electrons would entirely spoil the game; for the point wes
nmwmmuuwmwummm
nmmum’mommmmtumuut
mmmmmw-umuwumm
mmddumm-duthutﬂm

physical process. This is sbesurd.



