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Abstract:

A general sketch of how the problem of space dimosiadity depends on Anthropic arguments is
presented. In particular, the influence of thremehsionality on the stability of the solar system
and on the origin of life on Earth is reviewed. &wnconstraint on space dimensionality and on its
invariance in a very large time and spatial scalggoposed.
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That space is three dimensional seems to be souwbww laymen and even to scientists that one
can easily disregard it as a scientific problendekd, in almost all physical and chemical theories
developed along centuries, dimensionality — anrgsdeopological feature of space — is merely
assumed as a given truth, as an unquestionablemudtfact. However, in this note it will be
shown that things can go in a different way.

Whitrow, for example, in an important 1955 papaseverates that for tryingd*isolate three-
dimensional space as the only possibility for theldvin which we find ourselves, we must now
invoke some argument for showing why the numbdmeénsions cannot Hessthan thre&.* To
do this, he adapted the well known topological itefsom knot theory, that we cannot make a knot
in even-dimensional space, to the necessity ofdnifirms of animal life to have brains in which
electrical pulse informations carried on by nergesld not interfere destructively, which excludes
a twofold and other even-fold spaces. This arguraatdmatically constrains space to have an odd
dimensionality> 3. Then, recognizing that the problem of spaceedsionality was not yet solved
— which is still true — Whitrow wrote:

“Despite various recent attempts to show that [spdanensionality] is either a necessary
attribute of our conception of physical space or partly conventional and partly
contingent, the problem cannot be considered aallfirsolved. A new attempt to throw
light on the question indicates that this fundaraktdpological property of the world may
possibly be regarded as partly contingent and pangcessary, since it could beerred
as the unique natural concomitant of certain otkentingent characteristics associated
with the evolution of the higher forms of terresiriife, in particular of Man,the
formulator of the proble®

Following a different approach, based on stability of atoms in high dimensional spacgand on
the Uncertainty Principle, Barrow & Tipftstressed that

“(...) it has been claimed that if we assume theicttire of the laws of Physics to be
independent of the dimension, stable atoms, chemastd life can only exist in N<4
dimensions.

And therefore they conclude, perhaps inspired @enatorementioned Whitrow's ideas, th#te'
dimensionality of the Universe is a reason for thestence of chemistry and therefore, most
probably, for chemists also

So, chemists should be proud, since they existthatt existence should somehow be
related to the comprehension of space dimensignalitis is not, however, a completely new idea
and it is related to the so called “Anthropic Piohe’. To the best of our knowledge, this
expression was coined, in 1973, by the astroptstsiiandon Carter as a sort of reaction to the
tremendous impact of Copernican Revolution on l&#tlence and Society, which has taken Men
out of the center of the Univer3&lowever, as Carter himself stressesifffough our situation is
not necessarily central, it is inevitably privileh® some exteht

Nowadays, this expression hides many different mmggn What is now known as the
“Weak Anthropic Principle” has it origins in an #er Dicke’s idea® which was reformulated in
1979 by Carr & ReeSand essentially tells us that the observed valfiphysical quantities are not



-2- CPBF-CS-004/08

arbitrary but restrict to be compatible with thestsined evolution of life so far spatiality is
concerned, and temporally consistent with biologézad cosmological evolution of living beings
and of their niches. There is also the “Strong Ampic Principle” due to Cartér,which assumes
that the Universe necessarily should contain léded the “Participative Anthropic Principle”
advocated by Wheeler who, taking into account te@saurement problem in Quantum Mechanics,
argued that Observers are necessary for the esésterthe Universéln any case, of relevance to
this note is the very fact that Anthropic argumehtsse been proposed, independently, by
philosophers and scientists to explain why we peeca three-dimensional Univer$&Ve could
even say more: it seems unavoidable to make usaplicitly or explicitly — of some Anthropic
argument when we try to justify and understandeidienensionality. Some of these proposals will
be briefly reviewed in this note and a possiblatiehship between methane structure, the origin of
life and space dimensionality will be pointed out.

Kant's conjectur® that space three-dimensionality may, in some wagy, related to
Newton’s inverse square law of Gravitation was finst step in the direction of a scientific
explanation of dimensionality. Even though it hagm showh that Kant did not actually succeed
in proving this conjecture — indeed, he just codellithat there should be a relationship between
this law andextension—, his contribution has the very merit of suggestihat the problem of
dimensionality can also be treated in the framevadrRhysics and does not belong exclusively to
the domain of Mathematics, neither to that of itdosophical speculation.

As a second step, one can quote the work of WillRatey'? which can be considered the
first attempt to shed light on the space dimengitynproblem clearly from Anthropic arguments.
In his work, Paley analyzes the consequences ofgdsain the form of Newton's gravitational law
and of the stability of the solar system on humestence. Starting from a teleological thesis, his
speculations take into account a number of matheatatrguments for an anthropocentric design
of the World, which rest all upon the stability tbie planetary orbits in our solar system and on a
Newtonian mechanicdVeltanschauungs should be expected at that time.

In the twentieth century, the idea of how spaceedisionality follows from the stability of
planetary orbits in the solar system was revisitedEhrenfest's seminal papersyhere several
physical phenomena were discussed, trying to discdmy qualitative difference between three and
other n-dimensional spaces. The existence of sfadateetary orbits and the stability of atoms and
molecules are just one point. These aspects dapgodi space dimensionality, which distinguish
Physics from on kind of space to another, are ddehim “singular aspects” and his works were
aimed at stressing them. A crucial assumption i inuEhrenfest’s ideas, namely that it is possibl
to make the formal extension from three to n-dinem space for a certain law of Physics and,
then, one should find one or more principles timatonjunction with this law, can be used to single
out the proper dimensionality of space. The abmogef this approach was noted by Tanghetlini,
who proposed that for the Newton-Kepler problemnegalized to n-dimensional space, the
principle to determine the spatial dimensionalibuld be summarized in the postulate ttredre
should be stable bound states orbitsor “states” — for the equation of motion govemithe
interaction of bodies, treated as material poiftgs will be generically called, from now on, the
stability postulate In his paper of 1963, Tangherlini showed that #ssential results of the
Ehrenfest-Whitrow investigation are unchanged wRewton's gravitational theory is replaced by
General Relativity, and so attributing a new séfenineaning for Paley’s conjectures. Application
of this same idea to the stability of hydrogen atatescribed by a generalized Schrodinger
equation, leads to the same kind of constraintvarg huge and different spatial scale.

In its essence, Ehrenfest’'s approach for planemaoyion relies on two postulates: a)
Poisson equation, which describes (at a Newtorgael) the planetary motion for any space
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dimensionality, correctly explains the same phenmmeit describes in three dimensions; and b)
the stability of the mechanical orbits should haoidthe higher dimensional space. For him the
former is thecausa formalisand the later, theausa efficien®f space dimensionality. Actually,
both are typical ingredients of any Anthropic coaisit imposed on dimensionality. In spite of the
fact that this kind of approach strongly refledts tecognition of our ignorance being complete and
assumes a ‘Principle of Similarity’ — using the esgsion adopted elsewhéreyamely that
alternative physical laws should mirror their attioam in three dimensions as closely as possible
— it seems a very hard task to avoid it as londisensionality is to be understood in the realm of
Physics. This briefly reviews how tistability postulateés used to cast some light on the problem
of spatial dimensions, but we should point out tbame epistemological and methodological
aspects of this general approach based on thditstaoistulates were criticized twenty years égo.
New criticisms will be published elsewhéfe.

Let us now try to present some remarks and some amwlusions about the time (and
space) “scale” of the arguments previously disalisse

The first is related to Ehrenfest’s stability argemhwhich is typically valid for distances of
the order of the solar system and in a time sealgelenough to make the evolution of life possible
on Earth, as mentioned by Whitrdvidowever, his argument about this subject coulihigroved
by stressing that it is not sufficient that theemgity of solar radiation on Earth’s surface showdd
have fluctuated greatly for life still exist on Baractually, the fact that Sun’s spectra of radrat
did not fluctuate very much should also be requifed

By other side, Tangherlini’'s work about the stapibf hydrogen atoms is often invoked to
suggest the validity of Chemistry in the same tsoale as a necessary, although not sufficient,
condition — at least Chemical Thermodynamics aversible process should be also valid. Thus,
the presence of atomic spectra in remote stars atsy indicate[s] that space has had the same
dimensionality at cosmic scal&The existence of such a cosmic constraint on sgiacensionality
is a very interesting consideration and this suhjess treated in elsewhefe.

The second one is also related to the generaltltgaamong a large number of possible
universes, the actual Universe is the one whichiasos intelligent life, or at least had some forim o
life in a very long time scale. We have quoted a&batat Withrow, Barrow and Tipler said about
human life and how it imposes some constraintshemumber of dimensions. Infallibly this query
addresses us to Biochemistry. There is a nice ehaptthis subject on Barrow and Tipler's b8ok,
where several relevant topics are discussed inlslediad so will not be treated here. Among them
we can quote the unique properties of carbon, fggirpoxygen and nitrogen, or whether or not it
is possible to base life on elements other thasettumes, and finally that those unique properties
are probably necessary to guarantee the ecologtedlility required by highly-evolved life,
although not sufficient. Our aim here is to introdwa new argument in favor of a stable scenario
for space dimensionality for a time scale longemtlthat required for the existence of human or
another kind of highly-evolved life on Earth, rentmsring that the usually accepted scales are: 2
Millions years ago thdiomo erectusappeared, while the firgkeletons and easily recognizable
fossilsrange are of 600 Millions of years ago. This nenguaent is related to the methane
structure as will be shown now.

Let us consider the famous experimental resultiphdd in 1959 by Harald C. Urey and
Stanley Miller*® They showed to be possible, by means of an etatmiischarge, to transform an
admixture of gases consisting of methane, watemam and hydrogen into a great number of
organic compounds, among then some amino acidstedde life. Although it is not g@roof, this
result is widely considered as a strong evidenceh® creation of life in a kind of primitive Earth
atmosphere, quite different from that of the présiays, composed of the four substances just
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mentioned. Accepting this means to admit that,drtain sense, methane, which has the simpler
formula among the organic compound (fxHs somehow related to the origin of amino acius
could build up primitive life. In addition, it isniportant to stress that it is implicit in this reamg

that the atomic structure and chemical propertigbeelements have not changed in time.

Based on X-ray spectroscopy and on the empiricaltfeat an isomer of methane was never
found, the tetrahedral structure of carbon wasbésteed. In other words, Nature seems to have
chosen just one spatial disposal for methane atordsalso for all compounds of the type S+
CHyYZ, with Y and Z being any group of atoms. Thisesulout any flat configuration for the
simplest organic compound and requires, obvioublt the space in which it exists should be at
least three dimensional.

So, to believe on Urey-Miller's experiment as aecfar the origin of amino acids essential
to life, associated to an atmosphere possibly eichmethane, implicitly assumes that three is the
minimum space dimensionality required by methangtire and for life to be developed this way.
Putting this together with what was said above alivel spectra of remote stars, a scenario where
space dimensionality should be at least three &y Varge temporal and spatial scales seems
plausible; much greater than that required by hufifaron Earth. Remember that some authors
believe the origin of life occurs 3,500 Millions péars ago. Despite its speculative nature, thas is
new constraint imposed not only on the number ofedlisions but also on its stability throughout a
very large space and time scale, obtained fromra dfomodified strong Anthropic principle,
namely, from the assumption that the early Univetsmuld necessarily contain amino acids.

In conclusion, we would like to say that physicistsd philosophers should still pay
attention to many epistemological difficulties cemang the problem of space dimensionality,
among which we could emphasize the incompletemetsei majority of approaches to this problem
so far as they consider physical events takingeplady in space, not ispace-time Thus, the
problem of the number of space dimensions and dhatime dimensions are probably not
independent. Finally, whether or not a deeper cemgmsion on the problem of space
dimensionality is to be reached and, in particulait, could be possible to go on discussing this
problem without taking into account any kind of Ardpic argument as some stage of a particular
reasoning are still good questions without goochans.
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