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Abstract

The human brain and the perceived dimensionality of space-time form a self-referential
system: The brain is the product of biological evolutiory it is an object that survived
under the prevailing conditions when the mutations occurred that caused its existence.
A major component of these conditions is the environment, which includes the
dimensionality of space-time. On the other hand, the ability of the brain to perceive
the dimensionality of space-time may be limited by some inherent properties of the
brain, and our perception of dimensionality may be inaccurate. I explore here the
possibilities that this dimensionality is actually different from 4. In particular, the
possibility of 2 dimensions of time and 4 dimensions of space is explored.

Keywords: human brain, spatial dimensionality, temporal dimensionality.

I Introduction

The human brain and the perceived dimensionality of space-time form a selÊreferential
system in the following sense: The brain is the product of biological evolution, which
means that it is an object that survived under the conditions prevailing when the
mutations occuned that caused its existence. Of course. it has also continued to
survive since then. A major component of "the conditions prevailing when the
mutations occured" is the environment that is was embedded in, which of necessity
includesthedimensionalityofspace-time.Forexample, if space were of 2 dimensions
rather than (presumably) 3, material objects could not exist since nothing that had any
hcight could exist in 2 dimensions - perhaps only something like a shadow on a surface
could exist, and even that is questionable (since the electric and magnetic components
oflight vibrate in planes that are perpendicular to one another, and the propagation of
this light wave oscurs in yet a third dimension that is mutually perpendicular to these
first 2 dimensions).

On the othcr hand, the ability of the brain to perceive the dimensionality of
space-time may be limited by some inherent properties of the brain, and our
perception of this dimensionali$ may be inaccurate. For example, perhaps space is
(hypothetically) of 4 dimensions, but the brain is unable to perceive the fourth
dimension either because such an abilitv did not confer an enhanced survival value
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during the course of biological cvolution. because such an ability would result in a
diminished sun'ival valuc during the coursc of biological evolution, because the
matcrials available (that is. cxisting biomolccules or atoms or molecules in the
cnvironmcnt) were not adcquatc to form structures within the brain that could detect
thc fourth dimension, or, finally. bccausc thesc materials were available but there was
no viable pathway of cvolutionary cvcnts that could incorporate thesc into the brain as
iÎ was already "locked inlo" a rathcr inflcxiblc form relative to further evolutionary
changes.

Dawkins (1987) discusses thc limitations of thc human brain in certain types
of thrnking in terms of biological cvolution: It is almost as if the human brain were
specifically designcd to misunderstand Darwinism . . . our brains arc built to dcal with
r-vcnts on radically different timesc'ales from thosc that characterize evolutionary
changc. Wc are equipped to appreciate processes that take seconds, minutes, years or.
at most, decades to complcte. All our intuitivc judgcments of what is probable turn out
to bc wrong by many orders of magnitude. Our wcll-tuned apparatus of scepticism
and subjectivc probability-theory misfires by hugc margins, because it is tuned -
ironically, by evolution itself --+o work within a lifetime of a ferv decades. It requires
cffort of thc imagination to cscape from thc prison of familiar timescale . . . The key
points of Dawkins exposilion are thc discrcpancy befween external reality and what
the human brain perccives as reality. and the fact that this situation came about as a
consequence of thc constraints imposed by the mechanism of evolution. As suggested
above. onc consequcncc of the constraints imposed by the mechanism of evolution
may be the inability to pcrceive higher dimensions of spacc-timc.

I explore hcrc the possibility that the dimensionality of spacc-time is actually
differcnt from 4. In particular, thc possibility of 2 dimensions of time is presented. It
is shown that this could in fact bc truc in that therc would be no inconsistency with
our common experience or with knou'n physical laws. It is further shown how some of
the consequences would impact upon both pragmatic and philosophical
considerations, such as the cxistencc of "fiec will." I also explorc the possibility that
we are embcdded in a 3-dimensional subspace of a 4-dimcnsional reality. The approach
taken here is somcwhat indircct. in that what would happen in a 2-dimensional
subspace of a 3-dimensional world is inferred, and it is left to the imagination as to
what the consequences would be of extrapolating these results to a 3-dimensional
subspace of a 4-dimensional world.

2 Spatial Dimensionality

2.1 3-Dimensional Space as a Subspace of a Larger-Dimensional Space

The possibility that 4-dimensional space-time happened by chance and what physics
and existence would have been like in other numbers of dimensions have been
considered in great detail in a surprisingly large number of papers (Atkins, 1992;
Barrow and Tipler, 1994; Kaku, 1994: and references therein). The possibility of the
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existence of higher-dimensional spaces arose from superstring theory (Kaku, 1994). In
this attempt to find a unified theory of matter and space-time, l0- and 26dimensional
spaces were uniquely found to allow strings to vibrate self-consistently. The very
elegant mathematical work of Ramanujan coincidentally contained mathematical
functions that are identical to those underlying string theory and in which the
constants l0 and 26 play a key role.

This raises two questions. The first is whether our own 3-dimensional space is
actually a subspace or a projection of a largerdimensional space, and our senses are
such as to only be able to perceive the 3-dimensional space. The second is whether
anything material could exist within 2-dimensional space. A corollary to this question
would be whether a sentient being living within 4-dimensional space would have the
same questions about whether anything material could exist within 3-dimensional
space.

Is our own 3-dimensional space actually a subspace or a projection of a larger-
dimensional spacc, and our senses are such as to only be able to perceive the 3-
dimensional spacc? This hypothetical limitation of our senses could have arisen in
various ways. Two scientific explanations suggest thcmselves. First, the materials for
perceiving the additional dimensions might just not havc been available 1say, in the
Earth's crust or dissolved in sea water) during biological evolution. Second, they might
not have conferred a selective advantage for sun ival at the time when they would have
been incorporated, and aftcr that timc they might have been incompatible '*'ith thc
othcr parts of the organisms.

2.2 Existence of Material Objects within a 2-Dimensional Space

Can anything material exist within 2dimensional spacc? Of course, mathematicians
can "simulate" a 2dimensional reality. but I tend to doubt whether this could cxist
materially. The basis for my doubt is that atoms and subatomic particlcs (at least in
our 3dimensional world) have mass. and even energy has a mass-equivalent (for
example, the wave-particle duality of electromagnetic radiation). Ordinarily wc think
of density as the ratio of an object's mass divided by the volume it occupics. of
course, the density need not be isotropic. and in 3-dimcnsional reality it is casy to
envision an object that is very dense vertically and of lor.l' density horizontally.
However, there are limits to this. In 2-dimensional rcality a material objcct would nced
to have infinite density vertically (that is, in a dircction perpcndicular to the surfacc of
the 2-dimensional spacc), since this material object is not permitted to havc any height
whatsoever. So these objects could not be madc up of atoms as we know them. If two
objects in 2-dimensional space were moving towards each other and collided, since
they have no height they would simply pass "lhrough" each other and never know thal
the other one was there (for that mattcr. each one might not cven know that itself was
there).

Mathematically, we can define abstract objects that are 2-dimensional (such as
is done in Euclidean geometry), but other than an abstract triangle, we would need to
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have a triangle at the minimum printed in ink that was one atom thick, and this would
no longer be a 2-dimensional triangle, but it would be a 3-dimensional triangle. Thus,
although an empty 2-dimensional space might exist, my question is whether the
existence of a material object in 2-dimensional space is possible in external realify or
whether it is a concept which is the abstract product of the brain. Phenomena could be
defined in 2-dimensional space as a mathematical "projeçtion" of phenomena in 3-
dimensional space, but this procedure might exist only as an activity of thc
imagination.

2.3 Relationship of Collisions in 2- and 3-Dimensional Space

As a simple specific example of the generalization that I will make thereafter. imagine
two objects in 3-dimensional space that are free to move about independently in any
direction. Now imagine a fixed sheet of white paper, which can be either flat (if there is
such a thing as "flat" given that space is curved) or curved (that is, it could form the
surface of a sphere, or it could have hills and valleys, etc.). Finally, consider a fixed
point source oflight that is at a distance from the surface ofthe paper such that the
two objects could fit between the paper and the light source (Fig. 1). There are four
possible cases to consider. At a given point in time, the positional relationships of the
surface ofthe paper, the objects, and the light source may be such that neither object
casts a shadow upon the surface ofthe paper, only one object casts a shadow upon
the surface ofthe paper, only the other object casts a shadow upon the surface of the
paper, or both objects simultaneously cast a shadow upon the surface of the paper.
The edges ofthe shadows may not be sharp, but at least ifthe darkness of the shadow
falls offmonotonically as a function of radial distance from the center of the shadow,
then we may define the edge of the shadow as being where the darkness is equal to
some predefined percentage of the maximtrn darkness in the center of the shadow.
Then we could say that the two objects have "collided" in the 2-dimensional space of
the surface of the paper if their shadows have collided.

A computer progpm that "knew" the equations of motion of the trvo objects in
3-dimensional space could then determine when the two objects have "collided" in the
2-dimensional space of the surface of the paper. Some of these 2-dimensional
collisions would correspond, in fact, to an actual collision in 3-dimensions, whereas
others would correspond to the 3-dimensional objects passing by each other between
the light source and the surface (Fig. 2). In any event, the computer would then have to
simulate the result of the 2-dimensional collision (that is, invert the equations
goveming the projections from 3 dimensions to 2 dimensions, or, stated differently,
reverse engineer these relationships), and change the trajectories of the 3-dimensional
objects so that the motions of their shadows would be consistent with this result of
the 2dimensional collision (Fig. 3). It is not clear to me whether there would be a
unique pair of such trajectories or whether there would be a set of pairs of trajectories
such that the motion of the shadows of the 3-dimensional objects would satisÛ/ the

"physics" of the 2dimensional collision. This is a very unusual situation,
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Figure 1. A Fixed Point source of Lighq Two objects in 3-Dimensional space, and
their Shadows on a 2-Dimensional Surface.
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Figure 2. Collision of the Shadows on the 2-Dimensional Surface.
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Figr.rrc 3. Consequence in 3 Dimcnsions of a Collision of the Shadows in 2 Dimensions.

Figure 4. 2-Dimensional Temporal Space. An Example of Two Universes Offset by u'-
u Selected from a Continuum (Uncountable Infinity) along the x Axis. The Diagonal

Line Indicates a Possible "Isobar" alons which u+l:u'+l'.
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since we started with the 3-dimensional objects being the "independent" variables
which determined phenomena on the 2-dimensional surface, but we end with the
phenomena on the 2-dimensional surface being the "independent" variables that
determine the subsequent motion of the objects in 3-dimensional space.

It might be speculated that, in the real world as opposed to the simulation
model, the laws of physics or the shape of the various spatial and temporal
dimensions are such that this would really happen, and that this is not just a thought
experiment. It would be an interesting challenge to develop a mathematical and
physical basis under which this behavior would occur naturally, rather than as a
somewhat contrived abstraction. It is clear that we lose track of which is the "real"
object and "real" space, and which is the "proiection" of the real object and the
projection ofthe "real" space.

2.4 Simulation verus Realization: An Analogv with Genetics

At the risk of running off(momentarily) on a slight tangr'nt, the interplay bctween the
2-dimensional world and its sct of rulcs and the 3-dimensional world and its set of
rules may have an analogy in the interplav bctwcen genetic cncoding (thc sequcnce of
nucleotides within the DNA of living cells) and the implcmcntation in thc real
(extemal) world of the' products of the decoded DNA. Hundrcds of millions of years
ofbiological evolution have led to a brain that "functions" in the real (extemal) wodd
of the products of the decoded DNA. Now that the technology is availablc to decodc
the sequence of nucleotides within DNA. onc might ask the question: why bothcr to
play it out: why not .iust simulatc it? Prcsumably the answcr is that the brain, being
the end product of hundreds of millions of ycars of biological evolution. survived as a
real object in the real world because of certain properties is has. One of those
properties, perhaps one of ovcrriding importancc to its survival and existcnce. is its
need to play it out rather than to simulate it. That is. a brain that would be satisfied
with simulation rather than with implcmentation might not sun'ive or cxist for vcry
long.

3 Temporal Dimensionality

3.1 The Logical Constraints and Consequences of Time Travel

3. L I Inability to Altcr thc Past

The following ideas were inspired by a film that I rcccntly watched in which a pcrson
from the future (say at time t2) was able to bc transportcd back to a past time (say to
time t0). The rules (presumably some t-undamental laws of physics) in other fictional
works permitted the person from ths future to alter past history, starting at timc t0
onwards. However, this is clearly unacceptable since then a person could kill his or her
own biological mother before she gave birth to that person, and consequently that
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person would not exist in the future; clearly someone who does not exist in the fufure

can not go back in time, leading to an impossible contradiction. Fortunately, in this

particular film, the rules did not permit the person to alter past history. In addition to

these rules, a peculiar coincidence occurred: the person who was transported back 1o a
past time was eventually shot and killed in the past at a time t1 between t0 and t2.

Furthermore, since he was transported back in time only by about 25 or 30 ycars, he

was alive as a young child at tg and at tl. At t1, remarkably, this child was present and

witnessed the shooting of his adult self that had been transported back from the future.
Remarkably, the concept of time travel through a wormhole is represented in

the published scientific literature (Morris, Thorne, and Yurtsever, 1988). These
studies involved both a rigorous mathematical framework, as well as some practical

engineering possibilities. As described by Kaku (1994), According to Hawking, there

may be an infinite number of altemative univenes coexisting with ours, all of which are
connected by an infïnite web of interlocking wormholes. As discussed below, a
possible consequence of the (hypothetical) existence of time travel is the existence of

an uncountable infinity of universes which are time-shifted replicas olone another.

Quite apart from the story itself and the unusual coincidence just mentioned,

the two facts - namely that a person can be transported back to a past time and that
the person is not permifted to alter past history - have some remarkable consequences.
Although these consequences are the inevitable result of these two facts, it is easiest to

use the story itself to illustrate these abstract consequences in a rather concrete

manner. Because of the fact that the person who had been transported back in time is

not permitted to alter past history, the little boy will glow up to become an adult man

who will go back in time. This is easily shown using a proof by contradiction.

Suppose that the little boy will not glow up to become an adult man who will go back
in time. Then past history has been altered, which violates one of the rules.

Besides the man who was sent back in time, there were other people alive at

time t2. The fact that the man was sent back in time did not stop the lives of these

other people from continuing forward from time t2. On the other hand, the life of the

little boy at time t1 continued onwards too. In particular, his life continued onwards

until he became the man who was sent back in time. There is thus an infinite cycle of

events, given in what we would think of as "chronological" order: (l) A man appears at

time tg. (2) A little boy sees that man killed at time t1. (3) The little boy grows up to

become a man. (4) At time t2, this man is sent back to the past. (5) The man appears

at time t0. (6) A little boy sees that man killed at time tl. (7) The little boy glows up

to become a man. (8) At time t2, this man is sent back to the past. (9) The man

appears at time t0. (10) A little boy sees that man killed at time t1. (l l) The little boy

grows up to become a nnn. (12) At time t2, this man is sent back to the past. It is

obvious that events (l) through (4) occur repeatedly, without end (this occurs a

countably infinite number of times).

3.1.2 Existence of a Countably Infinite Number of Universes

1 3 1



Now, there must be at least two separate universes that co-exist simultaneously. It is
obvious that the little boy is growing older in one universe, starting at time tg. At the
same time, the people who were alive at time t2 are gtowing older. They must be doing
so in another universe than that of the little boy, since in this other universe the little
boy is now a gxown man. That is, in the first universe the little boy and an adult
version of himself co-exist; in the second universe a younger manifestation of the adult
exists. But it then follows that there must be a countably infinite number of universes,
since each time the cycle of events (l) through (4) occurs, an additional universe is
required in order for time tg to have a place to occur. Eventually this additional
universe reaches times tl and t2, and when it reaches t2 therc needs to be yet another
universe at local time t6, ad infinitum.

Assume that there is another person who is also a time traveller sent back in
time. Each time a person is sent back in timeo we require an additional countably
infinite set of universes to co-exist, unless the time difference for the additional people
is in a kind of synchrony with that for the first time traveller (then their cycles could
share a common countably infinite set of universes). Now, rÀ/e can ask whether the co-
existence of the countably infinite set of univenes is the result of the time traveller, or
whether this set would have existed anyway. This is like saying that I took a trip to
another country, but the country didn't exist until I arrived there. That is, the sole
purpose of that country's existence \ilas to give me a place to arrive at; it wouldn'thave
been there if I hadn't gone to it. clearly (or rather, almost clearly) this is not how
countries work.

3.1.3 Existence of an Uncountably Infinite Number of Universes

But if we take the more reasonable approach thât the countably infinite set of
universes exists independently of the activities of the time traveller, then there is no
reason for nature to have favored the differential between the particular times t6 and t2
as being the basis for a countably infinite set of universes. Then there will be a
countably infinite set of universes for each pair of times. Since there is an uncountably
infinite number of pairs of times, we then have an uncountably infinite number of sets
of countably infinite sets of universes, or, more simply, an uncountably infinite set of
universes forming a continuum in a one-to.one correspondence with the real numben.

The most parsimonious treatment of this situation is to think of time as we
think of space. That is, all the times that ever did, do, or will exist actually do exist
simultaneously. We have no problem thinking of two different places existing at the
same time, and we must now think of two different times existing at the same time.
More specifically, it is really different universes co-existing each of which is aging at
the same rate, and each of which is offset from some other one by any specified time
interval that one cares to choose. Each universe is an exact replica (moùilo the offset)
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ofthe others. and events happen absolutely identically in cach one. That is" each one
represents an "instant playback" or "instant playforward" of the others.

3.1.4 The Human Brain: Relationship of External Reality and Perception

If all of this is actually true, then it is interesting to note that Darwinian evolution
resulted in our having thc ability to perceive two diffcrent spatial locations
simultaneously (not counting thc effects of special rclativity) and to move from one
location to another. In stark contrast, Darwinian evolution did not resuh in our having
the ability to perceive two diffcrent temporal universes simultaneously nor to move
befween them. Apparcntly this did not rcpresent a selective advantage as far as
survival or existence is conccrned. But then, wc might have to redefine what is meant
by "sunival or cxistence." Sincc all of timc always exists simultaneously, anything
that ever was for one fleeting moment always was and always will be (in one of the
universcs or another), that conclusion alters the notion ofsurvival.

Now assume for a moment that a pcrson can travel back in time and is
permitted to alter past history. But this would have to be rejected because of
paradoxes that would immediatcly rcsult: For example, someone going back in time
before their own birth and then killing one of thcir own parents. So, we se€m to be left
with two possibilities: either travcl back in timc is not possible, or else there is an
uncountably infinitc sct of universes, whe're each universe is a replica (modulo the
offset) of the others. This hypothesis might be compared with the hypothesis that
God exists: Both hypotheses are then the abstract product of thc brain. Quite
independcntly of this abstraction, cither God does cxist or does not exist in extemal
reality. Likewise, either there is an uncountably infinite set of universes, or there is not
an uncountably infinite set of univcrses in cxternal reality. Both hypotheses are similar
in that, at the prcsent time, thcre secms to be no way of rationally ascertaining the
truth or falsehood of either hypothcsis. Both h-vpothescs are again similar in that,
regardless of the tmth or falsehood of cither hypothesis (in external realify), both
concepts arc the abstract product of the brain. Finally, both hypotheses are similar in
that ir may be the case that the truth or falsehood of either hypothesis will never be
ascertainable. Thus. it is no less reasonable to belicvc in thc truth of one rather than of
the other.

3.2 2-Dimensional Time:Mathematical Developrnent and Consequences

3.2.1 Definition and Consequences for the Existence of Free Will

For the sake of nomenclature, Iet us refer to the universe that we are embedded in as
Ug. Let us further refer to the current moment in our own universe as U9,6. Then the

general reference to an arbitrary universe will be Uu,l, where u is the index of the

universe and t is the local time within universe Uu Gig. 4). Note that both u and I can

be any real number rangrng from - to + . Note also that Uu,l could alternatively be
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represented as the ordered pair (u" l), a notation which, by analogy to (x, y, z) as a
point in a 3-dimensional spatial space, makes it clear that we now have a point in a 2-
dimensional temporal space. The symbol u is interpreted as being the offset of uu
relative to Ug, and we have the fundamental relationship

IJu',|' : Uu,l if and only if u' + l' : u + |

Now, if it is true that time is 2-dimensional, then there would be two
remarkable consequences. Firsq we would be embedded in |5dimensional space-time.
second, there would seem to be no such thing as free will: For someone embedded
within an arbitrary universe at an arbitrary læal time Uu,1, anything that will happen
in the future (say at time lg is either just now happening or has already happened in
an uncountably infinite number of universes, any one of which is given by Uu',I',
where u' + I' I u - lf. It seems that a minimal definition offrce will is that (a) someone
embedded within a given univcrse at an arbitrary local time, Uu.1, performs action A
rather than action B: (b) that it wasn't known in the past lthat is, at Uu.lp. where lp <

l) whethcr action A or action B would bc performed; and (c) something would bc
different at a future time up.l1(or, more generally. at all future timcs l"for l" I lf) if
action A rather than action B had happcned at U111.

But it seems to be impossiblc cven for the first two, let alone all three.
conditions to hold: The time in the past rcprescnred by Uu,lp would correspond to an
uncountably infinite number of Uu"'.1"1'hcrc u"'-- l"= u * lp, or u"': u + Ip - l"'.
Although u and lp are fixed, l"' and:"'can be any real number rdngrng from - ro * .
If l"' is chosen such that l"' :2lp - I, thcn u"' : u - I - lp. In other words, rrij '=ru *

l. That is, at local time I in Uu, Uu"' is cxperiencing local time lp. This woul&ontradict
(b), since at time lp it would then be knorvn whethcr action A or action B is performed
at time l. Intuitively, this is as if a woman from the futurc travclcd back to the past and
told someone in the past what she kncw was about to happen, sincc in the futurc what
was about to happen was already part of known recorded history. Thus, we have a
proof by contradiction that there can bc no such thing as free will. Furthcrmorc. all
evcnts are prgdetermined.

3.2.2 Relationship to the Evolution of thc Human Brain

It is obvious that regardless of whether this hypothesis is true or false" if thc brain
were to believe that it is true, then the brain would likely cease to cxist. If I wcrc to
believe that all events are predetermined, thcn I would conclude that whatever I do
makes no difference, and any "choice" I make is really predetermined: I only have the
illusion of making a choice. Thus. I am absolvcd of any responsibility for what I do,
and I can act irresponsibly. I would only do what gave me pleasure, and if everyonc
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did this we would cease to exist, since most (but not all) of the goods and serviccs that
are of use or are essential to our existence are performed by people, not for the
pleasure that the task gives them, but rather because of economic necessity/repression.

3.2.3 Relationship to the Cauchy lntegral Formula for Analytic Complex Functions

The Cauchy integral formula states that, if the complex function f is analytic
everywhere within and on a closed contour C then if zg is a point interior to C

I r  fk\  .^.
f(z)=-- '+-L'/dz (Churchill, 1972). Thus, the property of being analytic is so

z lc t .cz -zo

strong that the values at every point inside C are constrained by the values along C.
Given the determinism in 2-dimensional time implied by the absence of free will, it is
natural to ask whether a similar type of constraint might exist within the 2-dimensional
time plane. In fact, this is quite likely, given that time is continuous and there is
therefore an uncountably infinite number of points in this plane (this is true even if
time has a finite start and termination). Thus, the values at each point in the plane
cannot be denoted by recursive enumeration, but must be denoted by a firnctonal
form. Given that any two universes are modular replicas of one another, there is either
a copying mechanism at work, or else the progression through time in each universe is
governed by a common deterministic (ie, nonrandom) rule. If the latter were true, then
it might be speculated that the value at any point is given by an integral along a
contour enclosing the point. This would then be an anticipatory and incursive system,
since the evaluation of the enclosing contour integnl of necessity utilizes an
uncountably infinite number of future values.

3.2.4The Geometry of Aging

To complete the thoughts conceming 2dimensional time, assume for the moment that
we are embedded in our own universe Ug, and v/e :tre aging along with our universe

from the present Ug,g to U9,1, where I > 0. That is, we are moving througÙr lime

vertically, parallel to the y axis. Altematively, we might be moving horizontally
through the x axis. Thât is, lve:ue moving from universe to universe along a horizontal
line that goes through U9,6. In this case, \ile appear to age by going to U1,0, which

would represent the same increment in time as would Uql, gl.en Ug,g as the starting
point in both cases. Horizontal movement along the x axis may possibly not be
distinguishable from vertical movement along the y &\is either experimentally or in
principle. Moving parallel to the isobar (Fig. a) would correspond to remaining at a
constant moment of time. Moving along any other diagonal would correspond to
moving back or forward in time at a rate that is faster than the normal rate at which our
universe ages.

The final comment concerning this time issue would involve the fact that when
astronomers now (that is, at U6.g) observe a spatially distant galaxy (say at a distance
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D) the light that is seen actually originated a long time ago, at Ug,(-Dlc), where c is the
velocity of light. According to the fundamental relationship given aboveo this would be
equivalent to viewing U(-D/c),g; that is, this would be equivalent to a real-time view, at
our own local time, of a universe other than our own.

4 Conclusion

The possibility and the consequences ofour being embedded in a subspace of a higher
spatial and temporal dimensionality was explored. The relationship between a 3-
dimensional subspace and the enclosing 4dimensional space was examined indirectly
by examining the more tractable relationship between a 2-dimensional subspace and a
3dimensional space. It was found that the mathematical statement of the physical
laws in the 3-dimensional space needed to be consistent with the projections into the
2-dimensional space. Specifïcally, if the prqections of two objects collide, then the
laws of physics must be such that the two objects in 3dimensional space behave as if
they have collided, even though they may in fact have passed above and below one
another. Otherwise, an inhabiAnt of the 2-dimensional subspace would be able to
accurately deduce the real situation and would not be fooled into beliwing that space
was 2-dimensional. That is, the observable inconsistency in the consequences of
apparently identical collisions would indicate the existence of a hidden variable.

The possibility of time travel led fairly naturally to the hypothesis of a 2-
dimensional temporal space. Initially, the y direction could be thought of as the time
axis, and the x direction could be thought of as a continuum of universes, which are
time-shifted replicas of one another. The inability to differentate movement in the x
and y direction shows that this distinction is artificial, since both directions are
equivalent to one another. However, it may be useful at times to retain this artificial
distinction. This structuring of time would imply that everything that has happened or
will happen in a given universe is happening at any desired time in some other
universe. This would tend to negate the concept of frce will, as everything is totally
deterministic: we are just waiting in our own universe to sec things that have already
happened in other universes. The idea that the future already exists implies that if we
had a way to access this information, this would constitute an anticipatory and
incursive system.

In addition, the self-referential system human brain:dimensionality of space-
time was examined. There are limitations that are imposed upon the brain as a result of
biological imperatives of evolution. Some of these limitations may involve an inability
to perceive extemal reality accurately, perhaps because the presence of that ability
would have impacted negatively upon survivability. That is, evolution would tend to
track pragmatic needs rather than an abstract ideal of accuracy. Of course, some degræ
of accuracy would be necessary; otherwise we would be constantly walking off cliffs
or eaten by lions. On the other hand, it is much better that frequencies of light other
than the visible are not visible; otherwise we would be overwhelmed with information
that is not important for survival contaminating the smaller amount of pragmatically
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