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Introduction

New historical research shows that twentieth-cgnthought was expressed in
terms of the “natural” mathematics developed atttine of the century in order to cope
with the supposed “paradoxes” generated by Camtaed theory. Economics, physics,
biology—apparently no area of inquiry has escapedgbenade part of the “natural”
mathematics project. This mathematics asserts thathematical formulations are
inherently anomalous; the evidence of this is thay generate paradoxes. Therefore, the
idea that mathematics is an aspect of human pépoeptnust be made a part of
mathematical formulations even though it plays nternally consistent role in any
“natural” mathematical formulation.

The role of “natural” mathematics has gone unrem@rior the very reason it
was influential in the first place. Whether the emsher was the physicist Albert
Einstein, the economist Piero Sraffa, the logidiamt Gddel, the philosopher Ludwig
Wittgenstein, or the biologist Motoo Kimura, scistg in non-mathematics disciplines
felt they were unable to express their ideas matlieaily. This is the chief revelation of
the new historical research, and a remarkable amekpected (given the exalted
reputations of these figures) unifying feature wemtieth-century intellectual history.
These thinkers had to search for appropriate madtieahterms in the latest mathematics
of their day. They were unprepared to cope withittea that flaws in the mathematics
lodged errors in their theories. The current regration of the mathematics of the
disciplines began with the revelation of the fawdpproach taken to set theory by some
of the chief proponents of “natural” mathematics.

It should be noted that this unification of twetttieentury ideas on the basis of
the “natural” mathematics they share, was not thitication sought by twentieth-century
thinkers themselves. It has gone pretty much uarked that twentieth-century thinkers
sought to unify the disciplines on the basis oftigity. It has gone unremarked largely
because the project was abandoned when physickgedgerms of art so recherché that
the data and concepts of other disciplines coutdoromatched to them in an internally
consistent way. he approach was swiftly abandonadd suppressed out of
embarrassment. As we shall see, bringing Eingeurk into alignment with “natural”
mathematics—something which has not been possibié now—allows us to begin
asking the kinds of questions which will in the emdeal precisely and in detail, the
influence of “natural” mathematics with which wéldtve and in which we still express
our scientific ideas.

With the appearance of the general relativity thiedr became increasingly
difficult for other disciplines to “map” their owterms of art to those of relativity in an
internally consistent fashion. But we know nowttihavas attempted very high up in the



western intellectual hierarchy, as Galbraittas shown in his work on Keynes. Ernst
Mayr, at one time theloyen of evolutionary studies, claimed during the 195batt
evolution could be seen as a genetic theory ofivitla® However, the concept dropped
unexplained out of his later writings. Today, oficse, we say that it's impossible: there
are no quarks in biology, no leptons in economiu$ eertainly no charm in mathematics.
You can't get, logically, from any concept in anfytbose disciplines, to any concept of
the Standard Model. We smile at the naiveté ofrtésyfor even attempting what until
very recently we considered quite impossible. Amatlit is not altogether fanciful to see
internally consistent links between the relatizstiorld and the biological or economic
worlds. After all, light is one of the postulate$ relativity, as it is in biology, and
humanity is part of biology, and economics the gtatione aspect of humanity.

Links like that, however, didn't arouse the comipeti instincts of early
twentieth-century intellectuals. What did arousen was the idea that Einstein’s special
relativistic argument had wound up at the top of theap of argumentation. His
rhetorical strategy is what proved so seductivee aké starting to unpack that now in the
twenty-first century, as | shall show and as AndEearon? has shown. However, at the
time of its appearance (although Einstein was fatsti at how long it took to gain
recognition even after the publication of the 19@pers), what impressed intellectuals
was the special relativistic argumemua argument—above all, the relativistic “event,”
what today we would call a spacetime point.

To them it was a matter simply of ignoring the saibjmatter—the materials—
of the argument, and just looking at the argumsrdrainternally consistent structure. It
was gorgeous—it had no flaws. What was even moreesspve was that it required
Einstein himself to point out the limitations ofegpal relativity. If you could come to
terms with his argument, then you could configure terms of your own discipline so
that they mapped to relativity in an internally ststent way. Then you would have a
relativity theory of economics, or biology—or eveatimematics!

It must be noted that we are still enamored of ékplanatory power of the
Standard Model, despite its having turned into gbing like a Christmas tree.For this
reason, historians of ideas pay little attentiorthte idea that the fundamental ideas of
relativity are simply shared by the other discipinWe are still in an early stage of the
examination of the influence of “natural” mathemati The apparently bad experience of
earlier attempts to unify the disciplines, alonghaisciplinary hubris, still makes us
leery of revisiting the settled questions of theiaas disciplines. And there is nothing
wrong with respecting the boundaries these digeglihave set up for themselves. In
fact, it allows us to take the chief current idedsdifferent disciplines one by one,
examining them on their own terms in light of th&ekt mathematical historical research.
This examination begins to reveal their shared 9d@ad the overarching concerns of
twentieth-century thinking. In the course of thisamination, we shall see that we have
begun to free ourselves of many received ideas.

One of the most important goals of the discussidickvfollows, is to briefly
introduce specialists to major monuments outsieé ttisciplines and to provide reasons
for specialists to familiarize themselves with #@grks which, initially, may seem to be
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remote from their concerns. Why should a chemiatir8raffa, or an economist read
Kimura? Hopefully, the linkage of these writersathgh “natural” mathematics, will
provide, above all, the stimulus for specialistsré@xamine ideas in their own fields
which they take too much for granted.

Piero Sraffa’s Economics of “Natural” Mathematics

Production of Commodities By Means of Commoditiss still the most
advanced work of economics and one of the chiéhats of the twentieth century. How
does this famous work relate to relativity? We knoew that Sraffa read books by
Whitehead, Einstein and discussions of quantum amécs’ By the time he came to
these works, “natural” mathematics was well unday.wThe “paradoxes” were so well
accepted that their origins—the exploration of vkhis the means by which Alejandro
Garciadiego reveals their flaws—had been buried. t\Weadon't know is the extent to
which Sraffa went beyond a general understandinp@terms he read and was able to
use them in their own context as terms of art. By time he started working, had he
imbibed enough “natural” mathematics through otimerans that what he read merely
confirmed him in his procedures and termd®? appears, by the way, that Wittgenstein
never read a word of Einstein—at least | have seethocumentation of it, although there
are comments on relativity in his remarks on thenftations of mathematitand other
places.

Sraffa was not, | think, sufficiently aware of thelemical program of “natural”
mathematics to be on his guard against it, andesaliti not set himself the task of
looking into its terms. Nevertheless, he may hsemsed that something was amiss, and
may have simply been trying to express his misgisinsing the received terms of art of
economics. Examinin@roductionas a form of protest may, in the end, make a tesse
but more useful figure of Sraffa. That certaingems the way we are beginning to
examine twentieth-century mathematics itself. Itais approach which allows works
which, otherwise, are strangers to each othertal?™to each other.

Sraffa, of course, tried his hand at unifying eaoigs and physics, without
much success. It does not appear that he was yarticon his guard about the whole
notion of terms of art, and he tended—at least early-to pile one vague term on
another. Look at the project he set for himsdlfofesee that the ultimate result will be a
restatement of Marx, but substituting to his Heyelmetaphysics and terminology our
own modern Metaphysics and terminology: by metajglsysere | mean, | suppose, the
emotions that are associated with our terminologg &ame...[,] that is, what is
absolutely necessary to make the theory living...,ablgp of assimilation and at all
intelligible....This would be simply a translation dfarx into English, from the forms of
Hegelian metaphysics to the forms of Hume’s metajuisy® But “translation” is not
really what goes on when the basis of a later thesrthe pointing out of an internal
inconsistency in an earlier theory: the earlieotlgds not “in a different language™—it is
simply wrong; more precisely, it is meaningless.thmslation brings meaning to light in
something which has no meaning to begin with.

5 Cambridge 1960.
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Sraffa’s idea was naive even at the time. If “tlatien” was ever used to link
Newtonian to relativistic mechanics, it was an iigémce to a relativistic beginner, it was
designed to lead the beginner to an understandiag Newtonian mechanics had no
logical content. Neither is it clear what he mebagghe rest of his terms. What did he
mean by “our own modern Metaphysics?” What “Metagity?” Certainly relativity was
a protest against “metaphysics,” if by that Srafieans arguments which depend on
terms not internally consist with all the othemterof the argument. On what basis did
he feel that “Hume’s metaphysics” were “our” metggibs? And what did he mean by
“Hume’s metaphysics?”

Needless to say, all this was going very far afeflebconomics, but it was not
necessarily fatal. However, when some connectiociabned based on “Metaphysics,”
we certainly have the obligation—and he had the gabibn—to inquire into the
connection between his conception of “Metaphysesd the conclusions he reached as
the meaning of received terms of art in his disogl Which means that he should have
investigated more closely the nature of the matliesae used and, for that matter, the
natures of the most advanced physical theoriesi®fdhy: evolution and relativity.
Whatever else he meant by “Metaphysics,” he seemsenwie uses such terms as a
“living” theory—to have meant those arguments whiagemed to be logical to his
contemporaries (although the term seems to be dealim Romanticism). That certainly
seemed to be his complaint about Marshall’'s wdrklaimed to be state of the art, but it
was internally inconsistent. | don’t notice that éeer posed that query to any of the
mathematicians he consulted, or to evolutionargrheor to relativity theory.

Instead, Sraffa seems to have regarded relatigitstanding for the proposition
“that for every effect there must be sufficient sauthat the causes are identical with
their effects, and that there can be nothing indtffiect which was not in the causes: in
our case, there can be no product for which thasenot been an equivalent cost, and all
costs...must be necessary to produce”itThese commonplaces were, of course, a
serious misreading and later a misapplication tdtingty, further compounded by an
even later putative rejection of the misreadin@ffardisliked subjectivism in economic
analysis, but according to relativity, terms susif@use” and “effect” are problematic—
they simply are not relativistic terms of art.

At the same time, if Sraffa’'s use of generalitiesras to take him further and
further away from relativity, the linkage betweenndfein and Sraffa in terms of
“natural” mathematics, makes possible an evaluatibith previously was not possible.
We can formulate a much more precise question irateempt to carry out Sraffa’s
project to “translate” economic terms of art intouf own modern Metaphysics.” For
example, is the following statement by Sraffa, majhother than the restatement of a
spacetime point?

[FJor circulating capital, at the same moment titmtvalue passes into the product, in most cases,
also the material substance which is the beard¢haifvalue, either passes into the product (raw
material) or anyway passes out of the processamfuymtion (e.g. fuel). On the other hand, for fixed
capital, the transfer of value from, e.g., the niaeto the product, appears as a purely abstract
process, which takes place without any correspanttensfer of material substance: that value is
passed is undoubted, for the machine decreaseslire while the product increases, but the
machine remains complete in all its parts, withetficiency unimpaired for the time being, and
ready to resume operation in the next year. It see how this abstract process takes place an
abstract point of view is inevitabfé.

0 Kurz and Salvadori, 88.

1 Heinz D. Kurz and Neri Salvadori, “Removing ansiperable Obstacle’ in the Way of an Objectivist
Analysis: Sraffa’s Attempts at Fixed Capital,”
http:/iwww.kfunigraz.ac.at/heinz.kurz/pdf/SraffaOxéd Capital.pdf, 24.



It seems now that every term Sraffa used—productiommodity, and so on—are terms
of art, with no lay meaning, which means that etréng he wrote has to be reinterpreted
in terms of “natural” mathematics and the problemith that mathematics. What is the

geometrical expression of Sraffa’s statement aboBg2way of contrast to his previous

statement, this statement introduces a term oftatierm “abstract,” by means of which
it seems that all the other terms in the staterbenbme terms of art as well. Consider,
for example, that we cannot understand the worgditall as used here, as having any of
the meanings we previously associated with it,ilstead, only the one Sraffa gives it in
his argument. Since this opens up the possibiligt that argument is the “natural”

mathematical argument, we can in turn subject juestions relating it to relativity as

another expression of “natural” mathematics:

1. What are Sraffa’s assumptions here about lightdut biological theory (considering
Productiondeals with agricultural production)?

2. What is the economic “event” here, regardirag s a spacetime point?

3. Does the approach here reflect the “naturalthermatics as of the 1942, when it was
written, or the developments of physics of the sapsgiod? We think of the
“developments” of “natural” mathematics as ridiaudo rather like the “development” of
phrenology. However, its practitioners were—and arasifp scribbling away. Did
Sraffa “keep up” with this nonsense and “incorpetétt?

4. What are Sraffa’s mathematical assumptionshis statement? Are they entirely
Euclidean, or Euclidean at all? Remember thattBinsadopts strict Euclidean ideas as
the assumptions of special relativity, along with tonstancy of the speed of light.

5. Does the train experimentRelativitymap logically to thé’roduction“event”?

6. Above all, is the Standard Commodity an artifsfc‘natural” mathematics? It would
seem so.

We shall have occasion to give Einstein’'s formolatof a spacetime point as
this same train experiment, and open up the pdisgibf setting Einstein’s and Sraffa’s
statements side by side as expressions of one ddetdifferent aspects of one question.
In this latter statement of Sraffa, what “parad@éxhe trying to express, what “paradox”
is he trying to avoid?

Perhaps a good place to begin understanding Ssafkdtion to the set-theoretic
“paradoxes,” is Karl Marx’s own concern with paraddMarx’s intellectual career began
with the study of logic, and his mathematical wagts reflect his emphasis on “the
distinction between the real contradictions chanastic of reality and the contradictions
of the sophist type,” the latter giving rise to tiparadox.”® Given Sraffa’s own interest
in finding a mathematical expression for his idggshaps he sought to mediate between
the two notions, and so found attractive a matheaderived from Cantor's own
putative ability to deduce rules from reality. Hewer, he would also have had to grapple
with Cantor’s ill-defined notion of “intuition” adifferentiating the rule from the reality.
Is this what Sraffa meant by a “translation of M&rxWe need to know much more
about the written comments Sraffa made on his ngsdbf Marx.

Kurt Godel’s Insufficient Examination of “Natural” Mathematics

It is clear now that Alejandro Garciadiego’s bbblon the set-theoretical
“paradoxes” is a dagger pointed straight at thethefaGodel’'s theorem. Above all, this
devastating book shows that the various paradoxeshvso entranced Bertrand Russell
and his contemporaries, weren't paradoxes at ally-theren’t anything at all, they were

12 v.I. Przhesmitsky, “On the Operational Logical Apatus Imperative in Karl Marx’s ‘Capital’ and
‘Mathematical Manuscripts,” in Karl MarxMathematical Manuscriptsed., by V. Parisad (Calcutta 1994),
428.

13 Alejandro Garciadiegdertrand Russell and the Origins of the Set-ThéotBaradoxes: Basel 1992.



nonsense, letters pulled out of a bag. For exanmgleshows that the famous “paradox”
of Cesare Burali-Forti simply does not exist. I® ttontext of an attempt to prove the
Trichotomy Law, Burali-Forti tried “to prove byeductio ad absurdunthat the
hypothesis [involved in his own argument] was fadsel this method required supposing
the hypothesis true and arriving at a contradictidhe employment of the hypothesis, as
an initial premise, generated the inconsistencyt dhce the hypothesis is seen to imply
a contradiction it is thereby proved to be fale.”

It is doubly disconcerting to note that Godel appigly cites Richard’s
paradox in his 1931 paper. Godel accepted the faiswidely held tradition that Richard
argued that truth in number theory cannot be ddfinenumber theory. It turns out that
what is undefined in Richard’s argument (as he blfiointed out) is the number crucial
to making the argument. As Garciadiego notes, Rithealled his argument a
“contradiction,” not a paradox, and, specificallgfarring to his formulation (his
paradox—and all notable ones—are available onling) #eat “the collection G had
meaning only if the set E was defined in totalitiygis could not be done except with
infinitely many words.” However, nothing dauntéaydel added to Richard’s argument
the idea that provability in number theory can kéred in number theory, and came up
with mistaken result that if the provable formukae all true, then there must be some
true but unprovable formulae. Gédel depends, forird@rnally consistent distinction
between truth and provability, on the idea thatdhie some logical content to Richard’s
“paradox.” Because that “paradox” has no logicahteat, we are left not with an
argument, but instead with a question not previoushat is Gédel’'s argument? Is he
actually making an argument? This change in dgittoward Gddel's theorems, is one
of the first revolutions wrought by the historiéafjuiry into “natural” mathematics—but
it is not the last. Above all, as we shall sealibws us to link Gédel's ideas in an
internally consistent way, to those of other twethticentury thinkers, the goal of our
present inquiry.

And special relativity? In fact, we know very ldtlabout Godel's study of
relativity through the years, apart from his ratheinteresting later relativistic studies,
and Solomon Feferman in his editorial notes to GSdé&/orksis quite dismissive of
some of Gddel's restatements of relativistic ideas-fact, he is rather dismissive of
some of Gddel's restatements of Godelenideas. When did Godel first read the 1905
papers, or did he ever read them? We just dotkn

This leads us to ask the same sorts of questionst &ddel’s paper as we do
about Sraffa’s book. Is there an assumption alighit in that paper? This seems a very
odd question, even an inappropriate one, to askutabo mathematical argument.
However, Godel provokes it with this remarkabletestzent in his paper: “Numbers
cannot in fact be put into a spatial order"—thishis infamous footnote 8. What does he
mean by a fact? by space? What are the Euclidesumgptions, if any, of the paper?
What, in special relativistic terms, is a Godeleamrent? |s Godel's theorem an argument
at all, and if so, is it, not a metamathematicgluanent or even a piece of formal logic,
but in fact a straightforward physical theory?tHe paper nothing more than a retelling
of Einstein’s train experiment?

Motoo Kimura’s Search for a “Natural” Mathematics

It may well turn out, based on an improved undexditzg of “natural”
mathematics, that it was not Einstein who develofhedd special relativity theory, but
instead, Mendel and Darwin, because the rhetoric gegbmetry—the “natural”
geometry—in both Mendel’'s paper and Darwi@sigin is what we now recognize as
demonstrably similar to the geometry Einstein detsvard in the train experiment in

14 Garciadiego, 24.



Relativity Only an understanding of “natural” mathematicekas this linkage possible.
Just as Einstein sets it forward to articulategthgsical event, so Mendel and Darwin use
it to articulate the biological event. It is inoldgy, of course, that we are most justified
in asking for an internally consistent discussidright. Do Darwin and Mendel, and
later Motoo Kimura, have light as an assumptiorthieir arguments, and what is that
assumption? Are their assumptions Euclidean? eBebyet, if Einstein were to posit a
relativistic biological event, how would he expr@®s Or is he expressing it? Is selection
the relativistic event?

These are not questions necessarily restrictedpéxia relativity. This is
because Kimura is a statistician. His increasimglghisticated use of statistical concepts
led him to a mathematical apparatus which, Tine Neutral Theory of Molecular
Evolution looks remarkably similar to the mathematical appes of, say, Richard
Feynman’s QED.”® The modern discipline of statistics grows out afatural”
mathematics. Are the similarities internally coteig? Is Kimura’'s random drift—
responsible, in his view, for most mutation, ratttean selection pressure—an exception
to selection, or is it an exception to relativity¥hat is his biological event: substitution?
mutation? selection? something else? Is the netiiedry a biological theory, or a
physical theory? This latter question arises insagring a comment drawn from Kimura
by a critic. In response, Kimura says: “Just assyms are not ‘noise’ in language, it is
not proper to regard the substitution of neutrldles simply as noise or loss of genetic
information....It seems to me to be more appropriatealy that strictly neutral alleles are
absolutely noiseless® These metaphors are physical ideas. Of what?

The basis for unfolding the context of the termsanf of these different
disciplines, is the understanding that they emdmye a shared “natural” mathematics.
The latest expression of this point of view is selhfessedlyad hominem“humans are
so constructed as to conceptualize the world imgeof some simple fundamental
categories€.g, as comprised of individual objects standingamiaus relations); that the
world, to a large extent, is properly describedsasconstructed (up to the point of
guantum mechanics, at least); and that a rudimeidgric is implicit in these shared
structures....*” Neither Kimura nor Sraffa came to his disciplfrem mathematics, and
they felt they needed a mathematical expressiothfair ideas. Kimura learned French
rather late just so he could read Gustave Malécote—pibneered the use of “natural”
mathematics in biology—and Sraffa went, like Diogendarough mathematician after
mathematician searching for the mathematical espef his ideas. We still need to
clarify the doctrinal influence on Sraffa of twodtural” mathematicians—Frank Ramsey
and Abram Besicovitch—as opposed to the technicatt@asce they gave him. At any
rate, Ramsey spent much of his brief career exptpid quixotic and quite baseless
assumption of difference between types of “paradbxevhich were not paradoxes. Did
he put Sraffa in the picture on the problems wiith set-theoretic “paradoxes?” Almost
certainly, no. Was Sraffa in a position to ask wbiiem? No. Did Ramsey himself
bother to find out about them? No.

Historical research is revealing the difficulties the chief ideas of “natural”
mathematics. For example, L.E.J. Brouwer promultjatdat he called an “infinite
ordinal number.” Supposedly this notion had beetified by Georg Cantor’'s well-
ordering of the ordinal numbers. But it turns that Cantor never did so, never claimed
he had done so, and never used the term “infimdénal number.” As Garciadiego says:
“[G. G.] Berry maintained that Cantor had virtuallyoved the existence of the well-
ordering of the ordinal numbers by showing thatirats of the second class are well-

!5 Princeton 1985.

18 Kimura, 50.

Penelope Maddy, “Three Forms of Naturalism,” inv@tet Shapiro, edThe Oxford Handbook of Philosophy
and MathematicgéNew York 2005), 450. See also idaturalism in Mathematic$New York 2005.



ordered...but Cantor simply indicated that ‘we shall showattthe transfinite cardinal
numbers can be arranged according to their magmitadd, in this order, [they] form,
like the finite numbers, a ‘well-ordered aggregatean extended sense of the word$.”
Nevertheless, Brouwer's term worked its way inte tliscourses of Emile Borel (the
mentor of Malécot), Andrei Kolmogorov, Haskell Cgand John von Neumann, and is,
regrettably, at the heart of contemporary probgbéind computational theory; computer
science is replete with “natural” mathematics—wladsd results is it thereby giving us?

The project of “avoiding” or “solving” the “parades,” comes almost
immediately to dominate twentieth-century matheosatiiself, with all the problems
inherent in addressing issues which do not existis worth noting that neither Frank
Ramsey nor Alonzo Church nor Alan Turing—nor othigufes such as Kurt Godel,
Rudolf Carnap or Alfred Tarski—ever considered whketthe “paradoxes” might be
simply meaningless. They all believed that theguments had at least some logical
content, and that that content had implicationgwitich they had to deal. From this
initial error, many other errors followed. As Gadiego makes abundantly clear, the
“problems” of the “paradoxes” proceeded in no wagnf logic, but instead, from
Russell’'s megalomania. Alonzo Church had problertis definitions: “A function is a
rule of correspondence by which when anythingvggi(as argument) another thing (the
value of the function for that argument) may beaot#d.” The problem is the word
“thing,” which is never defined. Church subscribbeshe “definition of simple order in
terms of the relation precedes,” which he attribute Cantor. However, this attribution
is in the context of Cantor’s formulation of thetioa of a set, a notion, as Garciadiego
says, comprising “properties...so unsound that thertheeems to be the product of a
charlatan.* Indeed, one of the most important revelations hef hew mathematical
historical research is, Cantor as natural mathemati “Cantor tried to develop
organicism with all the conceptual and methodidgbr of mathematics: he scored
‘dialectical logic’ and tried to penetrate into timeatrix notion of the continuum by
studying point-sets and the mathematical infinitde attempted to become a Newton of
the organic world, developing the needed mathematicols and applying them to
natural phenomenorf® There was not paradox, or anything else, to beddn such a
project.

It is likely that we can put most twentieth-centudigciplines in the form of
Richard’s “paradox,” see how they partook of “natuimathematics, and reveal their
flaws. Now that we are more familiar with the iddeat the project of the twentieth
century—regardless of discipline—is “natural” mathé¢ios it is probably best to
approach any idea in a twentieth-century discipliié two questions: what “paradox” is
it trying to avoid? what “paradox” is it trying #xpress?

It should not be surprising if biology turns outhlie a branch of physics. Most
of Gregor Mendel's published papers are in metegnpl Charles Darwin began as a
physicist seeking to describe reality and that eomés recurrent. He first sought to do
so in the context of cosmology and geology and detlgr turned to biology, as we see
when he presents his physical ideas in a book eoreads anymordhe Structure and
Distribution of Coral Reef§1842)?' For Darwin, the identity of physics and biology i
due to the progressivism of reality. Nature—encormsipgsall the disciplines—is the

18 Garciadiego134 and note 3.
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2 parwin’s physical ideas should be looked for, artpamong his theological ideas. See Dov Ospdia,
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York 1981.



continuum of that progressivism; paradox supposéldiyed from the tension between
perfection as an assumption and progressivisncas@usion. Both Mendel and Darwin
seem to have turned to biology because it offeredeprand more internally continuous,
physical data than cosmology or geology. Of aBrtieth-century researchers, it appears
to be Kimura who took his discipline closest taatifity. Is that true? Both Darwin and
Kimura set their work in the context of physicsar®in says “that, whilst this planet has
gone cycling on according to the fixed law of gtgvirom so simple a beginning endless
forms most beautiful and most wonderful have beew, are being evolved.” Kimura’s
gloss on this passage is to remind us that althoughtional “random processes are slow
and insignificant for our ephemeral existence, he span of geological times, they
become colossaf® Indeed, perhaps a clue to understanding Sraffsés of “natural”
mathematics, can be found in this comment on MarPDhvid Riazanoff, the editor of
his notebooks: “If in 1881-82 [Marx] lost his aljli for intensive, independent
intellectual creation, he nevertheless never lbet ability for research. Sometimes, in
reconsidering these Notebooks, the question arisiey. did he...expend so much labor
as he spent as late as the year 1881, on one basic on geology, summarizing it
chapter by chapte?® What was Gédel's or Sraffa’s theory of geology in turn hunt
among concepts such as “fixed law,” “gravity,” “ciom” and “geological times” for the
necessary internal links between geology, physickstaology...but perhaps these words
have fallen apart and we cannot use them anymorapgears, in any event, that if
physics was the monarch of twentieth-century s@gedaring the nineteenth century, the
resort was to geology to test all theories. Perlveg@slon't understand twentieth-century
thinkers very well because they’re not twentiethtoey thinkers: they’re nineteenth-
century thinkers. And as for nineteenth-centurynkbrs (and before), we don't
understand them very well, either, because we dorderstand the prejudices we share
with them. The neutral theory of molecular evolatis said to remove many facts from
selection. Much more important is the idea thatvidarand Kimura use “natural”
mathematics. This is a charge laid against botherh.

Another idea is also beginning to take shape: theeeno “paradoxes,” at least
as far as we know. Researchers, it seems to me fesisted looking into the set-
theoretical paradoxes because it leads us furthedr farther back in time and so
implicates more and more important ideas. If thetlseoretic “paradoxes” are not
paradoxes, are the earlier paradoxes (for exantpdeliar paradox) really paradoxes?
And more importantly, to what extent are the earfisathematical expressions in the
various disciplines, simply projects to “avoid” ‘molve” these paradoxes, which in turn
may not be paradoxes at all? To what extent ihigtery of objective discourse, a falsely
based “natural” mathematics having no logical otfeto what extent can we say to
everything we currently consider to be internabypsistent: what is your argumefit?

And relativity? In taking even a retrospectivergla at the works of only three
twentieth-century figures in relation to relativitwe are free to put ourselves very far in
the future, at a time when an internal inconsistdmas been found in relativity itself and
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that theory is an historical artifact. Then theethlook to be, not attempting to map their
work to relativity, but rather, using the inheritedncepts of their respective disciplines
to critique relativity, looking for an internal inosistency which actually lies in the
“natural” mathematics Einstein shares with thenongider this passage from Lawson'’s
accurate translation of EinsteirRelativity.

Are two eventsd.g.the two strokes of lightning A and B) which armsitaneous with reference to
the railway embankment also simultaneous relatitelthe train? We shall show directly that the
answer must be in the negative. When we say iealightning strokes A and B are simultaneous
with respect to be embankment, we mean: the rajigrdfemitted at the places A and B, where the
lightning occurs, meet each other at the mid-pbinif the length AB of the embankment. But the
events A and B also correspond to positions A arahBhe train. Let M1 be the mid-point of the
distance AB on the traveling train. Just when flashes (as judged from the embankment) of
lightning occur, this point M1 naturally coincidegith the point M but it moves...with the
velocity...of the trairf®

This passage is by now so familiar that we thirdeghcan be nothing new to be seen in it.
But there is: it is the term, “naturally coincidesThis term (“fallt zwar..zusammen” in
the German) leaps out at us because we are loakiitgvith twenty-first century eyes,
not twentieth-century eyes; indeed, perhaps thd diffcult cultural task now before us
is simply to realize that we are not living in tlneentieth century.

“Natural” coincidence is otherwise known as a spa@ point. Einstein has
already spent twenty-odd pages of this very braflblaying out the assumptions which
underlie the train experiment. He is very carehoat being consistent with them, and he
is a devoted and very strict Euclidean. But Eimste@as not, it appears, quite careful
enough. We know that he is assuming, along withli@&uthat the definition of the
coincidence of two points is a point. However, veéd never gotten (and never get, in
any of Einstein’s writings) a definition of a “na#l’ coincidence of two points. This
alone prevents us from going on and this argumemich defined the twentieth century,
abruptly ends. We also have a problem if we trydsolve the issue ourselves. If we
simply drop the term “naturally” we run into a sition in which Einstein has told us to
assume two Cartesian coordinate systems, but naweseus with one, since, following
from the definition of the coincidence of two pantf two parallel coordinate systems
coincide at one point, they coincide at all poiatsl are one coordinate system, not two.
We have been led to a contradiction. A comment imgtEin illustrates his unprompted
conflation of “natural” mathematics and geometry:

It is clear that the system of concepts of axioongometry alone cannot make any assertions as to
the relations of real objects of this kind, whick will call practically-rigid bodies. To be able to
make such assertions, geometry must be strippéd oferely logical-formal character by the co-
ordination of real objects of experience with thmpgy conceptual frame-work of axiomatic
geometry. To accomplish this, we need only addpiogosition:--solid bodies are related, with
respect to their possible dispositions, as aredsodi Euclidean geometry of three dimensions.
Then the propositions of Euclid contain affirmasas to the relations of practically-rigid bodies.

It is important to note that these statements playlogical role at any stage of the
relativity theory—in particular, they are not amotig assumptions of the relativity of
simultaneity. However, they play a vastly impottanltural role—the examination of
which is beginning with the new mathematical his@r research—in the theory of
relativity and in an increasingly large number ¢ifier important ideas. It hardly needs
pointing out that not only is there no “strippingt the train experiment; there is no
“adding,” either. Einstein shows in this passadatthe has imbibed “natural”
mathematics; the train experiment itself, howevenerely shows an internal
inconsistency. Perhaps Einstein would not haveentad mistake had he inquired into
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the background of Poincaré—having a good opinioRinétein, we like to think that he
would have realized it was rubbish. On the othardy he never did make this inquiry,
and he lived fofiifty years after the 1905 papers. That's not so ekbeisdt’s laziness,
and self-satisfaction. Today, Einstein’s statenh@ois to be an astonishingly inept basis
for a world-renowned argument. As a point of viévis nonsense. We like to think that
can only ever have been accepted as a basis &tivityl because it seemed to create no
problem for relativity. And yet it is not surprigjrihat Einstein’s acceptance of Poincaré’s
point of view should have led to a logical erroréfativity. Poincaré may have had other
virtues, but logic was not his forte. As the higarof set theory Ivor Grattan-Guinness
points out, Poincaré had a “contempt for logic (atsb ignorance of it)....” Poincaré
understood mathematical logic “not very deeply?’.."And yet it needs to be clearly
understood that those who find internal consistanaglativity have one opponent with
whom to contend: Einstein. We see now that he metended relativity to be internally
consistent, and he made sure that it was not iaflgroonsistent. The question is, why
anyone ever thought it was internally consistent?

How can the manifestly insupportable protocol oeiriing a statement
arbitrarily in an argument, have gained acceptanEe8t, it becomes ever clearer that it
has been accepted in mathematics itself as far laackecorded history takes us:
precedent sanctioned it. Also, it gave accepteddalts, both within mathematics and in
disciplines which used mathematics, and the praeeiself was not identified. It was
sanctioned by highly regarded thinkers. There vadssafficient strength of mind to resist
it. Finally, there was ignorance and misunderstagndof the history of all the
disciplines—above all, of mathematics on the parispécialists in disciplines which
employed mathematics.

A spacetime point is no longer a physical factisian outmoded doctrine—a
twentieth-century expression of Newton’s ether.isTik the first occasion we have to
note a logical mistake in Einstein’s fundamentalaisl As it happens, we know how he
came to make it. As pointed out recently, Einsteias enormously impressed by
Poincaré’s Science and Hypothesi§1902), making a “careful reading” of 4.
Alarmingly, we have very recently been told thaaf& “studied intensively” this same
book? That's not a good sign; indeed, it makes us wornfi&raffa’s idea of the
“abstract” is the same as Einstein’'s view of thettmal.” What they were totally
unprepared for was the “natural” mathematical pofntiew Poincaré was trying so hard
to sell them. As Garciadiego points out, Poincaséduthe book to set out “numerous
inconsistencies arising from set theory....Poinga@é hunting for ‘paradoxes’ because he
was trying to discredit both Cantor's theory ofssahd Russell’s logicisn®® But there
were no paradoxes.

The young Einstein faced both a well-developed eratitical debate and a
polemic. He had no idea of this. Note that atimetdid Einstein ever question the status
of the set theory, or other paradoxes, or the hiégtbapproach developed to deal with
them (neither did Kimura or Sraffa). Instead, &kt ¢omfortable expressing the relativity
of simultaneity through “natural” mathematics with@ver examining it, with disturbing
consequences for his theory. In Poincaré he reddecepted the idea that “the mind has
a direct intuition of this power [“proof by recurmee” or “mathematical induction”], and
experiment can only be for [the mind] an opportunitf using it, and thereby of
becoming conscious of it.” In geometry “we areugbt to [the concept of space] solely
by studying the laws by which...[muscular] sensatisnsceed one anothet:” These
ideas were developed in order to deal with parasled@ch did not exist. Thus, they had
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no object—they related to absolutely nothing. Paiéds such an unreliable guide that
we have to look very skeptically at the work of ang who was influenced by him. This
idea of “succession” was vital if the “standstitti which the “paradoxes” had brought
mathematics, was to be overcome. As we shall $e®,ldgically empty notion was
applied with damaging results.

We now understand, however, why we never find “redtwcoincidence among
Einstein’s postulates or definitions or among liaausions: those are not its job. Its job
is to float free of all context—depending on shapedjudices or simple uninquisitive
ignorance in order to stay afloat—serving as aifatir of arguments which cannot be
carried out logically. Thus, we see exacity the term occursvhereit does in the
relativity of simultaneity: it “allows” one poinbt“succeed” another, in conformity with
the demands of “natural” mathematics. For the firee, we see Einstein—not as our
contemporary—but rather, as a figure out of the.pbi& is hobbled by that by which we
distinguish all figures out of the past: by theirimity of his intellectual appartus. Where
is “natural” coincidence in Goédel? in Sraffa? inrkura?

Einstein also used “natural” mathematics in hidi@acomments on Brownian
motion, with disturbing effect: “Einstein beginstiwvian assumption whose status is still
problematic and troubled his contemporaries: thatd exists ‘a time interval which
shall be very small compared with observable timerivals but still so large that all
motions performed by a particle during two conseuttime intervals may be
considered as mutually independent events....” Asahhor of this passage notes,
“[tlhis is essentially a very strong Markov postela Einstein makes no attempt to justify
it....[W]here mathematics ends and physics begins idar clear....*

We also see emerging in Einstein’s thought a teh&tatural” mathematics not
usually associated with him: he believed that teadi progressive. That, of course, is not
an acceptable stand today in any scientific arggminwas dismissed during the
twentieth century, which is the Age of the Term At. It required perspective on
“natural” mathematics in order to realize thatétsartheless is part of Einstein’s thought.

One of the tenets of “natural” mathematics is ihaither is one of the natural
sciences, or is intimately related to them. Camtpressed his devotion to “natural”
mathematics in his belief that chemistry and mattés are the same thing. Of all his
formulae, the most important is: chemical valenegdimal number. Einstein himself
seems to regard the shift to Darwinian biology—e#dcin his view, by a substitution of
assumptions—as paradigmatic of the shift, again i; \iew, from Newtonian to
relativistic mechanics: regarding the paradigm,]san example, a case of general
interest is available in the province of biologyy the Darwinian theory of the
development of species by selection in the strudgteexistence, and in the [earlier]
theory of development which is based on the hymighef the hereditary transmission of
acquired characteristicd® Is relativity a biological theory? Sraffa’s inather example
of this tendency to regard theory as some sorhifif ar shuffling about, as a substitution
or a “translation.” These are deceptivalg ho¢ informal pronouncements. They not
only make us wonder whether these thinkers hadcbasis at all for relating one term to
another, but also, they make us wonder about tleeafosuch pronouncements in any
relationships they claim to have found? For examiplis fair to ask if Sraffa believe that
reality is progressive? Is his system quantumteldgnamics? Both Sraffa and Einstein
are here being the dutiful students of Poincarir thotions of substitution or translation
are his “succession.” It is important to note {liat Einstein, “natural” coincidence is the
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shift “from Newtonian to relativistic mechanics"—wege supposed to be able to see it
with our own eyes. What is the term in Sraffa vahie the “translation?”

The basis of supposed need for substitutions, stetions” or shifts of any kind
in twentieth-century thought, is “paradoxes” white not paradoxes. These shifts turn
out to be unprompted strategies. Perhaps if Seafth Einstein had made some inquiry
into Poincaré’s project, they would have developetheaningful strategy. But | think
they were simply too ambitious to make the necgssajuiries. As it is, their arguments
are identical—the identification wished for in therlg twentieth century—but pointing
this out is a rather melancholy achievement.

Interestingly, and not surprisingly given his geddnquisitiveness, Feynman
visited “natural” coincidence when, apparently ggu® of renormalization, he remarked:
“perhaps the idea that two points can be infinitelpse together is wrong—the
assumption that we can use geometry down to thentztsh is false. If we make the
minimum possible distance...the smallest distancelimd in any experiment today...,
the infinites disappear, all right—but other incasicies arise...3* But who does he
think is trying to do that? No one | know of. dny event, today we would have to say

that that's rather good, and very nearly hits tleekmBut not quite.

In the event there is nothing to be done abouttmradiction in which, due to
this “natural” coincidence of points, we are lednfr an assumption of two Cartesian
coordinate systems to a conclusion of one suctesystVhat “paradox” is the relativity
of simultaneity designed to avoid, and what is ‘{h@radox” it tries to express? It may
well turn out that natural selection=natural coileice, thus unifying biology and
physics on the basis of an error. These new quessdad formulation indicate a change
in the direction of science.

Einstein’s whole proceeding—avoiding a definition“natural” coincidence by
way of providing a method for obtaining the “natli@oincidence, thereby conjuring up
“natural points” of coincidence—looks suspiciouslikel Cantor's avoidance of a
definition for a cardinal number while giving a pealure by which a cardinal number
can be obtained. Then Einstein’s use of “zusammesémbles the “zusammenfassung”
which is Cantor’s notion of a set; Einstein eveasudm,” which is what Cantor calls the
elements of his sét.

Is relativity simply a gloss on set theory, a rgggng of the terms which
nonetheless runs afoul of other rules? Is Sradfagithe same thing by turning the labor
theory of value into the value theory of labor, amthormalizing again and agaif?
There is comfort in the idea that there are taeghmundaries which will always force
logic through our arguments. However, if that suout not to be the issue (even though
Cantor appears to have believed it), are we thétieehto pose to Einstein and Sraffa the
fundamental question which is always posed tolsairy: in what sense are the elements
considered together in the first place?

Cantor engaged in what was felt to be unrestrairetbrmalization. The
“natural” mathematicians seem to feel that if thatestrained renormalization is what
generated paradox—above and beyond the renormalizatid consequent “paradox” to
which the disciplines have always been addicted—#mnrenormalization is sanctioned
in order to restrain set theory. There must bétdinso feel free to intervene where you
please as you please. That this misconceivesrtie g@roject, is beside the point—or
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rather, is unknown—to “natural” mathematicians. ifhresponse has always been: if
Einstein can do it, they can. At the same timan#y be instructive to consider the
attitude of Feynman to renormalization. He calied “shell game* and he should
know—nhe played it all his life, won a Nobel Prize playing it and, in the opinion of his
peers, should have won it again for playing it agailt had a devastating effect on
physics, and Poincaré made sure to enumerate es safrilaws for enforcing it, laws
which he says are summed up as a “grafipWould Sraffa, Godel or Kimura ever have
been brave enough to regard their endeavors asllagame? Apparently as long as there
was nothing wrong with Einstein, there could behimay wrong with renormalization,
especially in such a good cause! Well, as long.&sit no longer than.

Like Kimura and Sraffa, Einstein suffered from aohiles’ heel: mathematics.
Like them, he needed—or felt he needed—a mathematigakssion for his ideas, and
was seduced by the same intuitionist-style mathiemat What did these researchers
know of the mathematical politics which lay at foendation of their ideas? Absolutely
nothing. And for all their curiosity, they made eéfort to find out. Instead, they were
entranced by the apparent speed and finality ofrélsalts. This certainly hampered the
later collaboration between Gddel and Einsteiny tbeuldn’t discuss the one thing they
had in common—"natural” mathematics. Actually, #iese thinkers had in common
something even more important to them than “naturathematics: ambition. But when
ambition outstrips inquiry, there are bound to babfems with the results.

The idea of a “natural” mathematics as a part o€gation, reflects doubt that
geometry or other forms of math express proposti@amd a belief that perception and
expression are one. We find it not only in econ@nibiology, mathematics and
physics—and more evidence of it in chemistry thampty Cantor's yearning. The
foundation of contemporary chemical theory is thattiral” mathematics of Condillac
which found its way to chemistry, through Lavoisigthere it expresses Condillac’s idea
of “analysis’ as originating in simple sensory exignces, followed by the process of
‘synthesis’ in which the ideas were reconstructeduch a way that the relations between
them were clearly revealed®” What “paradox” is Condillac attempting to avoisi well
as to express, by this formulation?

Whatever the independent validity of the notiorfrditural” mathematics, it is
not logically incorporated in any of the argumenhteeks to express. It may well be that
Richard’s set E—that infinitely definable set whibletrayed his apparently discrete
“paradox”—comes alive in the theories of the thirskethose works we have mentioned,
and becomes the unifying feature of these workgis Tinderstanding would mark the
clearest break with twentieth-century civilizationAt the very least, the exposure of
“natural” mathematics has begun a revolution inneiséry, physics, economics and
biology. As for mathematics, the Pythagorean theois itself probably an attempt to
avoid as well as to express a “paradox.” Which?on&/hy is it relevant in the present
discussion, to inquire as to the status of the &ythean theorem?

Conclusion

Einstein said that he hoped his work would providéew hours’ diversion.
Perhaps we should have taken him at his word. dpermdividuals we marginalized—
and ideas we thought had been synthesized outeohthument—are now waiting to
contribute something relevant. If “noise” matteperhaps we should bring Bartok,
Schoenberg and Webern into the discussion (but how2rhaps we can finally bring
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into alignment two concepts which rattle aroundha twentieth century like two peas:
chance and infinity. Einstein famously said thatd@oes not play dice with the universe.
What does he mean by chance (assuming he thinksiglian example of chance) and
God?

In short, we need a much more dynamic approach hat we consider the
principal monuments of the twentieth century. Evexgucated person, during the
nineteenth century, was presumed to read widelybendp to date in the research of all
areas of inquiry, including art. With the advent gfecialization—that is, with the
development of terms of art within the disciplinesteilectual life lost that character
because, to the extent there was internal consigteithin any two given disciplines, it
became increasingly difficult to build logical bgels between concepts in the two
disciplines. There aren’t twenty people in the wortho have read botRroduction of
CommoditieandThe Neutral Theory Have you? And yet no highly educated person in
the latter eighteenth century could have claimed&oso without having read both
Newton and Smith. During the twentieth century,“a@uldn’t” or “shouldn’t” read both
Productionand The Neutral TheoryWho had time? And anyway, it would have been
like professing two religions. Perhaps this essay make possible an ecumenical
approach.

Today, advances in understanding the rhetoric @twentieth century have led
us to be much more cautious about the caution @nteth-century thinkers, and
hopefully much more direct and demanding than own dwentieth-century selves.
Those selves are no longer with us, we left thenthat door of this century. We
understand more of the prejudices which went inéothinking of people in the twentieth
century, and that is part and parcel of the endlessess of building up and tearing down
ideas. We also freely grant influence within cergroups such as the Vienna Circle or
through such well-connected figures as Frank Ramsbagse ideas found expression in
works as apparently diverse as those of Godelgéfitein and Sraffa. And then there is
the ubiquitous Poincaré. We will go much furthethis direction, and much faster, if we
try to understand how—regardless of the barrierchvispecialists felt surrounded their
disciplines—they nevertheless communicated in igtyrconsistent ways across those
barriers: and built bridges over them!
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