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“We are made of star stuff; the stuff of stars contemplating its own origin. An assembly of ten million million atoms contemplating the nature of the atom.

Our obligation to survive is owed not only to ourselves and those we love but to that universe, ancient and vast, from which we spring.

We are a way for the universe to know itself”.
An Extract from Cosmos, by Carl Sagan, 1980
One conceptual question has been puzzling people for a long time: As the observable universe has been expanding, what has it been expanding into and where did it come from?

In this essay I will combine the two questions above to one: What is the Total Universe? I will begin attempt to develop such a description by examining the linguistic human limitations because I believe that this language barrier between our evolved language and a description of the total universe can be surmounted: I believe that Carl Sagan was correct when he proposed that we are a way for the universe to know herself.
I will start by suggesting that a universe would be total if it could be described without logical contradiction in infinities or zero-values. I will use a strict definition of the observable universe. We know quite a lot about our observable universe. 
The Observable Universe

1. Edwin Hubble’s observations in the 1930s showed that the observable universe has been expanding its size since the Big Bang event 13.7 billion years ago. Saul Perlmutter at Lawrence Berkeley National Laboratory observed Type IA supernovae in 1998 and showed that the expansion rate of the observable universe may be accelerating. This has led to new theories concerning an as yet undetected expansion energy called Dark Energy. Dark energy does not appear to interact with any of the fundamental forces.
2. The edge of the observable universe is about 46 billion light years distant due to expansion. This is the observational horizon that defines the extent of the observable universe.

3. The observable universe shows a well understood evolutionary process after the observational transparency caused by the formation of atoms and the consequent release of the Cosmic Background Microwave Radiation (CMB). This radiation release occurred when the observable universe was about 1/45000th of its current age. Increasingly detailed mappings of the CMB have been made and more are on the way. 
4. The observable universe is homogeneous because it is roughly the same in all directions of observation. It has strong uniformity.
5. The observable universe is thought to be geometrically flat because radiation and the paths of moving bodies do not appear to curve as a result of any curvature in space itself.
6. With the exception of Dark Energy, the energy of observable universe is experiencing rising entropy. Entropy has the meaning that the capacity of its energy to do work – to keep things hot and move things - is inexorably running down. Put another way, entropy describes the observation that the usefulness of energy declines constantly because energy is never fully reusable.
There is no reason to suppose a priori (from logic and known facts) that the observable universe is the same as the total universe. In fact, there are conceptual problems with defining the observable universe as the total universe because this seems to lead to infinite values or arbitrary boundary points (edges) in space and time. Unless the observable universe has an as yet unknown mechanism to cease existence, then the observable universe will exist infinitely in future time. In terms of the spatial dimensions of the observable universe, if the universe is not infinitely sized, must have an edge. The question of what lies beyond that edge introduces infinity again or nothingness or more edges ad infinitum.
Similarly, if the origin of the observable universe - the Big Bang event - was a singularity i.e. the observable universe began from a point of zero spatial dimensions and zero time, the conceptual problem of what pre-existed the Big Bang event remains unsolved because the observable universe would be a non-causal event. Presenting the Big Bang event as a singularity has other problems. A singularity has, by definition, zero spatial dimensions (zero displacement and so zero volume) and hence infinite values for its other properties like densities and in its gravitational field. 

If the Big Bang event was not a singularity but an emergence into existence from something (like a quantum fluctuation) then there would have been some quantum of existence in the pre-Big Bang era. This implies that the Big Bang event was not a beginning but a change in state. This satisfyingly avoids a zero value in spatial dimensions and provides a beginning for time as we know it but it still seems to imply an infinite time backwards reductio ad absurdum.
A Total Universe…?

A logically satisfying description of the total universe should seek to avoid infinite and zero values in spatial dimensions, time and in all internal properties like mass/energy and its derivatives like rates of change of displacement (velocities and accelerations), rates of change of energies (inertia and momentum) and forces (mass being accelerated). 
It would be a useful starting point to simplify the description of the observable universe to a minimum required set of properties – fundamental descriptors. These descriptors would be fundamental if all the other properties of the observable universe resulted from combinations of these descriptors alone. 
Motions, mass, temperature and energy transfer and conversion processes can be attributed to energy. Energy should be retained as one of the fundamental descriptors. I will define energy as the capacity for “making changes happen” or for doing (mathematical) work (Force applied over a Distance, Fs or Mass × Acceleration × Distance, mas). 
As the observable universe has dimensionality i.e. objects can displace (motion is possible), I will refer to this feature as (mathematical) displacement and it is required as a fundamental descriptor. 
I suggest that all other observable properties can be described fully using only these two fundamental descriptors - energy and displacement. We can make the assumption that a total universe must account for these two fundamental descriptors without recourse to logical contradiction in infinite or zero values. 

However, this leaves open as yet the question of whether time is a fundamental descriptor or dependent somehow on one or both of the other two.

Time
Professor Richard Swinburne of Oxford University said: “It is not logically possible for time to have an end”. In avoidance of an arbitrary end, beginning or an absolute infinity in time, I propose that time should be correctly thought of as an anthropic (human) perception of the observed effects of energy and its rising entropy (time goes in only one direction or “arrow”). Hence time can be thought of as a human attribution of a rate to energy doing work.  
This definition would seem to concur with the relative nature of time as a rate. Energy forms including velocity (both a derivative of displacement and a kinetic energy) and gravitational energy field strength alter the perceived value of time. At very high (relativistic) velocity or in proximity of strong gravitational field strength, all energy processes, including biological processes like ageing occur at very different rates so time is experienced differently. We call this time dilation. Indeed, before humans discovered this quite recently, our assumption was that time was an invariable rate. We now know that even a clock on an aeroplane runs very slightly (but measurably) more slowly than one left in the airport lounge. This does not mean that the flying clock has experienced “slower” time i.e. that time is relative to velocity. It is just that at higher energies, the behaviour of energy itself is different. Energy, not time, is a relative concept. It is not the same everywhere – it is relative to displacement and energy.
An analogy would be to think about how we humans would think of time in relation to an unchanging thing. We cannot think of that easily because everything in our world is constantly changing even a lump of rock. The nearest thing to unchanging in the human experience is perhaps gravity. Gravitational energy changes everything; it creates tides in the sea and makes leaves fall off trees and so on. But do we think of time relating to gravity? Do we think of tomorrow’s gravity? I suggest that we do not or at least not easily. 
Gravitational energy does vary with respect to distance and mass because weighing scales on a mountain or on the Moon show different weight. But gravity seems invariable with time. In fact, the equation that we use to work out the force of gravity is this:
(G (m1 × m2) / r2) where G is a constant (a fixed number), m1 and m2 are two separate masses and r is the distance between them. If the masses get bigger and/or the distance between them gets smaller, the force of gravity is higher. 
This equation suggests that the force of gravity does not change with what we call time; we do not attribute a rate to gravity. What we call time changes dependent on mass (energy) and distance (displacement). Indeed, physicists have determined that energy too has weight; like mass, energy experiences the force of gravity. For example, light waves from distant stars bend very slightly but measurably when they pass by our Sun on the way to the Earth. This effect was predicted by Albert Einstein and measured during a full eclipse of the Sun, thus confirming his prediction.
I propose therefore that time is not a fundamental descriptor but a human construct that we use because we experience the operation of energy – what we call change. The grammatical structure of language in our minds contains the abstract concept of time because we experience change. So, I propose that time is not a part of our observable universe; energy and displacement are.
Professor Swinburne’s logical contradiction seems to be resolved.  
We can therefore begin to attempt to describe a total universe with the two fundamental descriptors of energy and displacement only as long as these two properties have no logically contradictory zero or infinite values.
What could be the Description of a Total Universe?
Eliminating logical contradictions in infinities and zero values in energy is perhaps slightly easier. 
The observable universe appears to demonstrate conservation of energy but rising entropy whereby the capacity of its energy to perform work is running down in accordance with the Second Law of Thermodynamics. Conceptually, a point of maximum entropy would be an unchanging state tending to a uniform energy distribution near absolute zero temperature (this has been called the Heat-Death Hypothesis or the death of heat) where the energy of the observable universe will have lost the capacity to do work and it would attain or tend to an unchanging state. But as the entropy of the observable universe is always rising, how did it ever get lower? 
We could introduce for now the speculation that a total universe might include one or more unobservable (or unobserved) regions connected to it. There is no logical reason to exclude this possibility. In unobservable regions, entropy could be falling. Total energy processes could be continuous in a total universe. Importantly, this would also mean that the observable universe would not be a special case. I suggest that only two “universes” would be logically required for energy to be continuous. As the entropy in one rose, in the other it would fall and our rising entropy would be a property of our observable universe but not the total universe. It is worth noting that continuous is not the same as infinite. This is because we can think of two “linked” universes where energy is continuous but it is not an infinite amount of energy. In fact, we think of energy in our observable universe as being conserved; only its capacity to perform work is being lost (rising entropy). 
In our observable universe where entropy is rising, the arrow of our time is forwards i.e. recognition of observed rising entropy. In another universe where entropy was falling, their arrow of time would be in the opposite direction. An observer in both would perceive change. This reinforces the idea that time is an observer-dependent property.
If we accept for the moment the speculative hypothesis of unobserved regions with falling entropy, then entropy would be positive and negative - more like a vector property – a property with quantity and direction. 

An effect from unobserved regions would help to explain why (although not how) the entropy of the observable universe must have attained a lower state in order to be rising.
Displacement

The displacement of a total universe is conceptually difficult because if displacement were zero valued, all displacement would end in nothingness – a zero value. Although this scenario is conceptually plausible, I refer to it as the Outside-Nothingness Problem. Displacement and energy would have emerged into existence from nothingness and/or come to an end in nothingness. Clearly, for a universe to come into existence, it is logically unsatisfying to say that it came from nothingness as at least something pre-existed namely the existence-causing process that caused the Big Bang event. 
It is conceptually more satisfying to consider a total universe as changing its states without nothingness arising. As with energies, an observable universe would not be in a state of nothingness if it were causally-connected to unobservable regions. 
However such a total universe would still be infinite in extent unless the number of unobservable universes was finite. This however brings us back to the Outside-Nothingness Problem again as a finite number of universes, however large, would still have an edge. Many unobserved “universes” (or what we call the Multi-verse Hypothesis) does not seem to have resolved any of the logical displacement problems.
Paul Davies at Arizona State University addressed the displacement problem by an analogy describing the universe as “finite but without boundaries”: curved (and closed) like the surface of a sphere which is finite but has no edges. However, here too there is a logical problem namely that a sphere is (by definition) a 3-dimensional bounded sub-region of 3-dimensional space and exists with something around it like our planet does. 
When applied as a description of the total universe, the Davies analogy retains the idea of a finite size; the sphere is its own edge. The idea of a finite total universe seems logically unsatisfying as it implies the question of what lies beyond – something else or nothingness. Furthermore, measurements in the observable universe do not indicate that its geometry or shape is curved. The sum of the angles inside triangles of light between any three stars is 180 degrees.
Perhaps, this analogy of a sphere inside something else may provide a beginning for a basis for a conceptually satisfying solution to the displacement problem. A satisfying and simultaneous explanation to the displacement and energy problems does still seem to require a version of the hypothesized many universes or multi-verse. 
David Kellogg Lewis and the “Many-Worlds” Hypothesis

The philosopher David Kellogg Lewis (1941-2001) of Princeton University proposed a controversial idea about reality: The Many-Worlds Hypothesis. Kellogg Lewis proposes this idea in response to a philosophical conundrum; to account for the endless possibilities that seem to arise when we consider all the actions we could take but did not and all those things that could happen in the future but do not. In so doing, he challenges the human way of thinking: the Anthropic Principle. For example, there is an alternate world where I did not write this article. If I had not written this article I would have done something else that I did not do and I would have lived an increasingly divergent reality with different memories than the ones I have. The line of time that is my memories would have been different i.e. I would have had a different past.
Philosophically and perceptually, human observers remember what we call the past but not what we call the future. We do however have a (finite) set of expectations about the future; we think there are many possibilities. Only as that future occurs do these expectations become fixed as the line of time that is our memory; what we then call the past.
Kellogg Lewis’s hypothesis challenges humans to think about time differently: to think that the future is not fixed and that those futures that did not happen still exist in some way as separate states or “worlds”. For we humans this is counter-intuitive; we are not evolved to think in this way. We tend to think in terms of a single memory line of time. An analogy for this is how we watch a film for the first time. We do not know what will happen in the rest of the film or how it ends, but we are sure that it is fixed; we just don’t know yet. But we do not tend to think of the experiences in our lives that way.

Kellogg Lewis says that all possible worlds exist and that past and future are not like watching a film for the first time where the future is determined but unknowable until it unfolds. He pointed out that we do naturally think that at any point we have choices; we could have done something differently and so we think we could have had a different past than the one that our memories make into a line of time. The choices I make “cause” one future to be committed to my memory time-line but there were other possible futures and therefore other possible pasts. Without Kellogg Lewis’s idea, choice is an illusion and the future is, like watching a new film, pre-determined. He was addressing the old philosophical puzzle we call determinism.  
For the purposes of the remainder of this essay, I will refer to Kellogg Lewis’s Hypothesis when applied to the displacement of the total universe as the Many States Hypothesis only so as to avoid the possible confusion of using the word “worlds”.
Schrödinger’s Cat

Another challenge to the human way of thinking about things and our language (the Anthropic Principle) comes from discoveries in the field of particle physics – the behaviour of the unobservable small. The positions (displacement) and motions (momentum) of particles like electrons appear to exist in several states until an act of observation. In other words, the positions and motions cannot be predicted. 

These discoveries prompted the physicist Erwin Schrödinger to suggest this thought experiment: a cat is placed in a box that is then closed so that a human observer cannot perceive any information about the cat. Schrödinger then poses a seemingly easy question: Is the cat alive or dead? We humans tend to think that the answer is that the cat is either alive or dead; we just don’t know which until we take a look i.e. it exists in one state. But Schrödinger suggested that the correct answer is that the cat is both alive and dead. The cat in the box exists in two states not one. 
He called this counter-intuitive idea a “super-position” of states. In particle physics, each state has a probability attached to it.
Schrödinger used this analogy to capture the fact that neither the position (displacement) nor the momentum (mass × velocity - a derivative of energy) of an electron can be determined until an act of observation is made – the electron exists in many states. 
In fact, even then, no matter how many observations are made, the position and motion of an electron cannot both be determined simultaneously by any act of observation. Any experiment conducted to observe electrons has shown that it is not possible to know both where an electron is and its direction and rate of motion even by an act of observation. The particle exists in many states.
These thought experiments proposed by Schrödinger and Kellogg Lewis were used to illustrate physical behaviours like in electrons and philosophical puzzles in the case of Kellogg Lewis. Both point to the existence of many states independently of how we observe. 

The electron is invisible and obscure to humans; they are so small that they are outside our normal perception and so we do not have language to describe them as they really are and about how they really behave. 
Our memory shows us a single time-line we call history. But, when we talk about the past, our language contains the conditional past: the past could have been different i.e. many states.
Noam Chomsky

The great linguist and logician Noam Chomsky described the limits of the Anthropic Principle – the human way of thinking. Chomsky suggests that we think we are free to experience the reality around us directly but that we are really only free to experience the possibilities and limitations contained in our grammar (language). He suggests that the way we think is “hard-wired” in our language. He adds that it would be extremely unlikely that our hard-wired language happened to be well-fitted to thinking about concepts that our language did not evolve to deal with. 
Chomsky’s reasoning shows us why the noun “universe” is a grammatical problem: it is a noun without a plural. This is because we use the noun “universe” to mean everything. Our language is misleading when applied to any concepts outside our experience. This is why thinking about these concepts makes us feel uncomfortable. Infinity is another idea that is uncomfortable to think about. This is perhaps because we think we can add to or double any number, no matter how large the number is. But, we cannot logically add to or double infinity. 
Saul Perlmutter alluded to this limitation in our hard-wired language too when he said: “…we may never be able to understand the universe in the way we think we understand the everyday world around us. The aim is to understand a little bit from this angle and a little bit from that angle and try to make some sense out of it all. What makes this worth doing is that we know we are in touch with something that is a little bit magical”.
As far as the displacement problem of a total universe is concerned, we could build on the ideas of Kellogg Lewis, Schrödinger and Chomsky to examine our anthropic assumptions, in particular about infinity but first, our idea of specialness.  
Eliminating the Anthropic Specialness Principle
Our observable universe exhibits properties about which we have gained understanding and accumulated substantial corroborative empirical evidence. However, I introduce the term the Specialness Principle (a variation on the Anthropic Copernican Principle) to capture the observation that we humans tend to begin our explanations about reality from the assumption that we hold a special place in it and we have always been proven wrong in that assumption. This is because we humans start our explanations using the hard-wired evolved language that is special to us.
For example, it has been demonstrated that our planet was not after all central nor the Sun, nor our position in the galaxy nor its position in the observable universe. Evolution showed that we humans are just like all living things: made of stellar-created elements and stellar-energised biochemical processes of increasing organisational complexity. In no case has it proved that our observational perspective or position is a special case. 
(It is worth mentioning in passing that eliminating this Specialness Principle altogether would suggest that our self-conscious intelligence is not a special case either). 
Returning the main question – describing a total universe – we could assume that the observable universe and the Big Bang event are not special cases; that it is not really universal. Indeed, there is no logical reason to assume that the observable universe is everything that there is. This again seems to support a multi-verse or Many States hypothesis as a more satisfying basis for describing a total universe. The displacement of a total universe and its energy processes seem to require the existence of unobserved “universes” causally-connected in some way to the observable universe. At face value however, this does not seem to rid us of the logical problem in displacement of an infinite number of discrete universes and infinite size. 
The problem of displacement still seems conceptually unsatisfied. 
Writing in Nature 448, Leonard Susskind of Stanford University in California lends more support to the multi-verse concept. He said that string theory (a theory about what the observable universe is made of) implies the existence of 10500 universes in a multi-verse – all but our own being unobservable to us. But, if a finite number of observable universes constitute a total universe, then a total universe remains finite in extent. This raises the same problem of what is “outside” its edges and the issue of the Outside-Nothingness problem again, like Davies’s sphere and what lies outside. Equally, if there are an infinite number of universes in Susskind’s multi-verse, then we seem to have hit a tautological wall of a numerical infinity in number or size. 
Perhaps this problem lies in how we think about infinity.
Eliminating the Anthropic Principle in How We Think About Numerical Infinities
I want now to consider what infinity is or at least, how we think of infinity. It is important but tricky to attempt to deal with this in a way better than playing with words because a multi-verse or Many States hypothesis that proposes an infinite number of discrete universes obviously still creates an infinity in displacement size and number. It would not even matter if each universe was really “small” as there would be an infinite number and taken together they would still be infinitely sized.
Infinity as an idea is, at least in part, a recognition that the real number series must be infinite because 1, 2, 3…n does not logically have an end. Equally, infinity arises in the number one (unity) as it can be divided into an infinite number of smaller fractions. Each of those fractions, however small, can be divided into another infinite number of fractions. Imagine that we have a piece of paper and we cut it in half. We then have two pieces of paper but the same amount of paper. We have doubled in number but not in quantity. If we continue to cut each piece in half we have an infinite number of pieces from the same amount of paper. This means that the size of the pieces would become infinitely small from a finite piece of paper. Because we can halve each piece and never stop, we cannot really reach infinitely small and so we cannot double an infinitely small value.
Imagine that a moving object approaches a fixed object by travelling exactly half the remaining distance every second. By definition (going half the remaining distance), the moving object will take an infinite number of discrete steps but it will not arrive even in infinite time.

In terms of the number series, infinite fractions of one and an infinite series of multiplications by a factor (like doubling or trebling), infinity is an abstract or non-representational concept; it is how our mind makes sense of the number series but it does not really represent anything. Imagine that a number is multiplied by a factor; each multiplication taking, say one second. Infinity in time is automatically generated. Furthermore, because infinity is an abstract concept, an infinite number of factor multiplications could conceptually occur in zero time – instantaneously.
This logical problem with infinity is neatly illustrated by the famous Infinity Hotel Paradox. A hotel has an infinite (∞) number of rooms with one guest in each therefore an infinite number of guests. Could one more guest be accommodated? Well, the answer should be no because there is no number bigger than infinity. Paradoxically the answer must logically be yes. The guest in room 1 moves to room 2 and so on. The new guest moves into room 1. The hotel then accommodates (∞+1) guests but the number of rooms has not increased by one. Hence (∞+1) = ∞. This is logically impossible and so, the concept of infinity is a self-contradiction; it is non-representational.

Numerical infinity is not therefore a number or a value that makes logical sense. Infinity cannot be doubled, halved or squared; no mathematical operation like squaring can be performed on infinity. Counter-intuitively, we can say that numerical infinity is not a quantity.
Perhaps, as with time, infinity does not really exist? Perhaps it is an anthropic idea that comes from the real number series (-n…-2, -1, 0, 1, 2…n).
We humans (or at least some of them) have applied the idea of infinity to the idea of God. In many beliefs, God is all-powerful or God has infinite power. So, we can examine the logic of God’s infinite power. We need to look at three statements or premises about God’s infinite power. 

(1) Can God create the world and the living things in it? Of course, yes. 

(2) Can God destroy the world and the living things in it? Of course, yes. 

(3) Can God create the world and the living things that is permanent i.e. God cannot destroy it? Of course, yes; God has infinite power.

Statements (2) and (3) are contradictory. This is because there is something an “infinitely-powerful” God cannot do. The infinitely-powerful God cannot create anything that is permanent. Infinity in God’s power is ruled out because there is something that an “infinitely” powerful God cannot do.
Here again, the application of the concept of infinity to another idea creates a logical contradiction.  
Finding a Logical or Inductive Infinity: Endlessness

The idea that mathematical infinity is in fact a contradictory abstract suggests that the application of infinity to the total universe would also be. This is why I will from now on use the term endlessness to change our language assumptions and begin the search for an “infinity” that when applied to the total universe does make logical (and inductive) sense. Our concept of infinity in displacement (i.e. an object with a numerically infinite size in distance and/or number) would then be an unreal artefact of applying the real number concept of infinity to displacement. 
The Mathematics of Chaos Applied to Endlessness and Kellogg Lewis’s Many States Hypothesis
In the late 1960s, the mathematics of chaos (Chaos Theory) was discovered by the geographer Konrad Lorenz and it has thrown up the seemingly counter-intuitive concept that iterative (self-repeating) natural systems are so sensitive to conditions at any point of measurement that their states never exactly repeat a previous state. We could describe this sensitivity to conditions as infinitesimal sensitivity or fine sensitivity. 
Just such a complex system is the Earth’s climate and weather system but turbulence, some flows of liquid and the orbital paths of planets are also chaotic. The behaviours of these chaotic systems cannot be predicted by observing their past and current behaviour. The weather, for example, can only be predicted to at most four rotations of the Earth – what we call “days” – and even then, its behaviour cannot be exactly predicted.
I think of chaos in something as everyday as a game of pool. A game of pool involves 15 target balls, one cue ball, a table, a room, two players and their two cues. I suggest that no two games of pool are ever identical. This is because, although a relatively small number of interactions are involved; the total game is never the same at any point of observation. The balls, the cloth the cues and the players all change slightly so that, as the game’s rules are repeated over and over again, no game outcome or behaviour exactly repeats another.
Some people think that the human mind and iterative human systems like large socio-economic systems also exhibit this chaos in their behaviour.
It might make conceptual progress in terms of the total universe to develop the term endlessness as having this “never-repeating” sensitivity to its conditions like we see in Chaos Theory whereby the states of complex iterative systems never exactly repeat. 
As the state of a chaotic system never exactly repeats itself, we could say that it is not self-similar. 
Perhaps it is this way with the logical displacement problem of a total universe. Unlike repetitive numerical infinities, the total universe would be endless in displacement but non-repetitive. I propose that there is no logical problem with non-repeating endlessness as observed chaotic energy systems like the climate already exhibit this (within the limits of local rising entropy where their non-repeating endlessness will stop when entropy maximises; when the usability of the energy involved has been exhausted).
Complex and Imaginary Numbers like I and the Fractal Set
Complex numbers are numbers that contain imaginary numbers like (√-1). 
(√-1) has to be imaginary because (-1) has no square root; no number that when multiplied by its identical self multiplies to (-1). So we have to imagine that there is a number that when multiplied by itself does multiply to -1. We call that imaginary number i. We do this because although i is imaginary (i is not a real number), its square (i2) does exist, it is (-1) - within our real number system. Of course, all negative real numbers have imaginary root numbers.

I is different than infinity (∞) because ∞ cannot be mathematically operated i.e. added to, squared or multiplied. The imaginary number i is a requirement of the number system because it is operable where infinity (∞) is not. 
Why is i required by our number system when (∞) is not? The answer is partly because the number system (like I have argued entropy) has vector property. Positive numbers imply the existence of negative numbers and their square roots. Hence, unlike (∞), the imaginary number i exists even though we cannot think of it. It exists because we can think of its square, the number -1. This number, -1, exists on something as everyday as a bank statement (although it remains more difficult for pupils of mathematics to think of -1 than the number 1, a number we experience more in everyday life).
Could the imaginary number i be used to develop “non-repeating endlessness” to replace mathematical real number infinity in describing the displacement of the total universe?  

Fractals

Using the imaginary numbers like i, mathematical chaos has also revealed the concept of fractals. In the 1980s the mathematician Benoit Mandelbrot discovered the Mandelbrot Set – an iterative (self-repeating) equation of complex numbers (imaginary and their real numbers) that generates a fractal set. 

The Mandelbrot Set is specifically a set whose subsets are infinitely self-identical (self-similar) to the original set. Every time you “magnify” a sub-set of the Mandelbrot Set, you get the “parent” set again. The Mandelbrot Set is endlessly self-similar. A fractal set like Mandelbrot’s enables us to “see” an infinity simply by observing the Mandelbrot Set. The set is “infinite” in that its self-similar magnification is endless. 
But, the self-similarity of fractals seems at odds with the closely related idea that a chaotic system (like a climate system) that never exactly repeats a previous state.
The Mandelbrot Set of an infinitely repeating self-similar shape could then perhaps be applied to the total universe with one exception, namely that the repeating sets are non-identical – a non-self-similar fractal (NSSF) set. In fractal sets, the dimensional size (displacement) of the set is not significant because it “magnifies” from its identical “parent” set. 
This magnification concept bears a striking resemblance to our expanding observable universe: the consequence of the Big Bang event. The Big Bang event caused an on-going “magnification” of the dimensions (displacement) of our observable universe. So perhaps our observable universe is one fractal “magnification” from a parent set. An infinite number of identical or self-similar magnifications would be avoided if magnifications in the total universe were never self-similar. 
No “magnification” would exactly repeat (or copy) the state of any other.  

So, just as fractal sets are endless in the way that they can magnify self-similar sets, perhaps the total universe is a fractal set, magnifying non-self-similar sets. Each fractal magnification would start as extremely similar to the parent and hence retain the thematic characteristics of the parent set. But, the fine sensitivity to initial conditions that we see in chaotic systems would endow it with the property of no exact repetition.
Conceptually then, the total universe would have no repetitive numerical infinity in displacement but it would, like a self-similar fractal be endless in extent. A total universe captures Kellogg Lewis’s Many States Hypothesis – a non-repeating set of endless possibilities. The energy of a total universe would not inexorably exhaust its capacity to act as long as its magnifying subsets were causally-connected in displacement and/or at the point of magnification; each new set emerging with its entropy minimised. Without this, it is difficult to see how the observable universe could be like it is without a pre-existing condition for its entropy to be lower at lower magnification in displacement. The Big Bang event would be a point of minimum entropy.
(Note: In Kellogg Lewis’s Many “Worlds” Hypothesis, the many worlds were not causally connected – they represented unconnected separate possible lines of time or “worlds” that we think we could have lived but our memories tell us we did not). 
The total universe would be the non-self-similar fractal set of energy systems. 
This total universe seems to satisfyingly eliminate the Specialness and Anthropic Principles and I propose that its description does not involve any zero values or logical contradictions in infinity. There would be no absolutes like beginnings, ends, “nothingnesses” or numerical infinities; there would be non-self-similar continuity in displacement and energy. We see this already in the Mandelbrot Set and in the behaviour of the chaotic natural systems. 
Could there be non-self-similar fractal systems on our planet?

Here on Earth we already have the template for a non-self-similar continuous fractal energy system: Life. 
Each and every birth is a magnification of the parent “set” but in a non-self-similar way. Each new living thing closely resembles a magnification of its parent’s characteristics but never exactly repeats. Living things reduce our own entropy. Living things use up our energy to move, keep warmer than our environment, think, feel and decide but then take in new energy from our star to reduce our entropy state – we eat. No individual living thing is continuous but life (energy) is.
At the risk of straying into the poetic – perhaps Carl Sagan was right – we are a way for the Universe to know herself? 
From the Big Bang magnification to the creation of matter and structure; to the creation of heavy elements in stars and finally to life and the variety of its evolutionary processes, we seem to observe fractal but non-self-similar replication processes. These are only different from the total universe as a non-self-similar set in respect that the energy systems in the observable universe experience rising entropy.
Just as no two living things, no two planets, no two climate states, no two stars and their solar systems and no two galaxies are exactly alike then no two sub-sets in the non-self-similar fractal universe should be exactly alike. Indeed, our observable universe does not really show us homogeneity; its shows us heterogeneity, thematic-similarity, cycles and complexity. Identicality and repetitive infinity do not exist outside of mathematical constructs.
As a final remark, perhaps we can now dispense with the term I started with: endlessness as fractal already contains the property of endless self-magnification.

The total universe is the non-self-similar fractal (NSSF) set and its energy is continuous.
Could there be evidence of the total universe in the observable universe?

In our observable universe we think we have largely observed homogeneity, uniformity and finely-tuned values conducive to the observable universe being just as it is. Much theoretical and empirical research has gone into explaining how and why this is the case. 
I have suggested that a part of the human way of looking at reality is to seek symmetries, uniformities and uniqueness – Anthropic specialness. However, I suggest that there is no reason to assume that human-observable is a special case. Indeed, in the distribution of galaxies and galaxy clusters; in the cosmic background radiation, anti-matter, magnetic monopoles, possible changes in the fine structure constant and in galactic gravitational anomalies there are non-uniformities. 
The observable universe as a whole is, by definition observationally non-symmetrical as we know of nothing to compare it with. We have no observational evidence about its pre-Big Bang parent set or any other sets, if they exist at all? So, we think it is unique – universal and without plurality. 
Inventive and powerful but observationally unconfirmed new theories like dark matter, MOND (natural variability in gravitational field strength) and inflation have been proposed to account for these empirical non-uniformities and non-symmetries in the observable universe. I suggest that these theories are founded on an anthropic assumption – that the observable universe is closed and it must be all that there is. 
One recent observation among several is intriguing. It has been called Dark Flow.

Dark Flow, Concentric Circular Patterns in the CMB and the Non-Self-Similar Fractal Set
Dark Flow emerged from observations of the Cosmic Background Microwave Radiation published in Astrophysical Journal Letters in October 2008 by A. Kashlinsky, F. Atrio-Barandela, D. Kocevski, and H. Ebeling of the NASA Goddard Space Centre. The meaning and indeed validity of these observations remains highly contested not least by Ned Wright of UCLA and Ryan Keisler of the University of Chicago.
Dark Flow suggests that the motion of a large group of galaxy clusters is not uniform with respect to the Cosmic Background Microwave Radiation mapping i.e. with respect to the observed expansion pattern of our universe. Its authors propose that this substantial group of galaxy clusters is in concerted motion towards a point beyond the edge of our observable universe in the direction of Centaurus and Vela. If this observation is confirmed it will still remain to be seen what is causing it. 
However, in the context of this essay, this observation raises the possibility that there is evidence emerging of influence on our observable universe by energy processes occurring beyond its observational horizon. I speculate that dark flow could be evidence of a “universe” or region that is in an entropy-negative state although we cannot directly observe it. Indeed, the NASA Goddard Space Centre confirmed in March 2010 that these observations of galactic motions are consistent with an effect from one adjacent different universe. 
Perhaps even more excitingly in 2010, the mathematician Roger Penrose at Oxford University and Vahe Gurzadyan at Yerevan State University in Armenia announced the discovery of patterns of concentric circles in the cosmic microwave background radiation. They say that these patterns are exactly what would be expected if the universe were endlessly repeating or cyclical. Each cycle ends with a big bang that starts the next cycle. 
Another group claims that they have found something else in the CMB. These observations use a different model of the universe called eternal inflation. In their way of thinking, the universe we see is merely a “bubble” in a much larger cosmos. This cosmos is filled with other bubbles, all of which are other universes where the laws of physics may be different to ours. These bubbles probably had a violent past, jostling together and leaving "cosmic bruises" where they touched. If so, they say, these bruises ought to be visible today in the cosmic microwave background. Now Stephen Feeney at University College London et al claim they have detected tentative evidence of four such “bruising” in the form of circular patterns in cosmic microwave background implying that our universe smashed into other bubbles at least four times in its past [sic]. 1
If confirmed these extraordinary results could constitute the first substantial evidence of universes beyond our own.
The conclusions being drawn from these observations seem to concur with the hypothesis that the total universe is a non-self-similar fractal set. They further imply that a total universe has a mechanism to reverse (reduce) entropy. 

Dark Energy and Dark Matter

Dark Energy has been postulated to explain the acceleration of the expansion of the observable universe detected by Saul Perlmutter in 1998. Its nature and properties remain unknown but it has weak and equal value throughout all observable space and does not interact with any fundamental forces. This is speculatively suggestive of a trans-dimensional or other connection from an unobserved contracting region. 

Dark Matter (“invisible mass”) was hypothesized by Fritz Zwicky (1898-1974) of the California Institute of Technology in 1934 to account for anomalies in the rotational motions stars within galaxies which appear to show that the galaxies have gravitational fields stronger than their total observed mass should be causing. To date, Dark Matter remains empirically undetected but it does not interact with any other energy/particle except, by definition, in the amplification of galaxy-sized gravitational field strength; its existence being inferred from this. I would present the argument that Dark Matter is not a rigorous scientific theory in the sense that Karl Popper, the philosopher of science defines it. Such testing as has occurred has not confirmed its existence. Worse, it does not predict any effect; it is inferred from an effect. 

Both of these important but empirically unconfirmed theories – dark energy and dark matter - are inferences from effects in the observable universe - its accelerating expansion and higher than predicted galactic gravitational field strength. However, dark energy and matter seem still to have an otherwise very tenuous connection to the rest of the observable universe having, as they do, no interactions with matter or other fundamental forces (except gravity in the case of Dark Matter). In that sense they have the feel of being outside our observable universe.
The absence of any corollary to these energies at smaller scales and their non-interaction with other fundamental forces or matter in the observable universe could suggest that they are really influences being exerted by other unobserved non-self-similar sets to our own. 
A Conclusion

Unless dark flow and the observations of concentric patterns in the CMB can be confirmed and widely accepted, it may be a priori impossible to detect direct evidence for non-self-similar fractal sets. A less rigorous proof of the non-self-similar fractal set hypothesis could still arise if several phenomena in the observable universe could best be simultaneously explained by no other hypothesis with fewer assumptions - Occam’s razor.

The path of empirical research into dark energies, dark flow and dark matter may show that they are entirely within the observable universe and hitherto unknown features of it. Equally, an absence of progress in establishing this does provide proof by elimination of effects whose origins are beyond the observable universe. I suggest that Occam’s razor is telling us that what we can see and describe is not all that there is. 
The fractal set emerges from an imaginary number.  But we know that imaginary number exists because its square exists. The imaginary numbers combined with the real numbers generate fractal-infinity. Chaotic systems generate endless non-self-similarity if energy processes are continuous and not inexorably running down (rising entropy). 

I therefore propose the Non-Self-Similar Fractal (NSSF) Set as the basis for answering the question I began with: As the observable universe has been expanding, what has it been expanding into and where did it come from? What is the total universe?

The Anthropic Limitation
Maybe Chomsky is right and some concepts like the total universe cannot be solved by the result of any action of human thought. We evolved as hunter-gatherers on the African savannah and in the forests. 
And, although our ability to think has revealed great insight about the nature of the universe from which we spring, our minds and language may never be able to “coincide” with the total universe and comprehend all of its truths. 
We are the limit on logic, science and language. 
Reality remains mysterious to us just as we do to ourselves; it is all as Saul Perlmutter put it – “a little bit magical”.   

This work is in honour of the late Carl Sagan and his great book – Cosmos – a book that taught me to keep asking that biggest question: Why? 

Cosmos fired my imagination as a child. 
It still does.
It is dedicated to my Dad; that great man who taught and encouraged me to learn, live, think and be free. 
Addenda

Consequences for Logical Time (Entropy) Paradoxes

The idea of time travel (like in the film Back to the Future) creates the “Grandfather Paradox” whereby to travel back in time and kill your grandfather would cause you never to have been born and so unable to have travelled back in time from the future. Professor Stephen Hawking of Cambridge University pointed out that time travel is, by circumstantial evidence, impossible as nobody has returned from the future into our recorded history.

These paradoxes are artefacts of a universe with a single directionality and line for time. If the NSSF Set hypothesis is correct, these paradoxes are not paradoxes at all. A hypothetical time-traveller would not be travelling in time. He would be attempting to return to a lower entropy state from a higher entropy state which is impossible as his local existence requires its associated (higher) entropy state. In our observable universe, we cannot buck the trend of entropy.
Consequences for Logical Displacement Infinity Paradoxes
As I described above, the logical problem with infinity is sometimes described by the Infinity Hotel Paradox. A hotel has an infinite (∞) number of rooms with one guest in each therefore an infinite number of guests. Could one more guest be accommodated? Paradoxically the answer must logically be yes. The guest in room 1 moves to room 2 and so on. The new guest moves into room 1. The hotel then accommodates (∞+1) guests, which is the same, by definition, as infinity but logically impossible and so, the concept of infinity is absurd.

Unlike the Infinity Hotel where ∞ is an absurdity because it implies the existence of (∞ + 1) an NSSF “Hotel” already accommodates all states by definition and hence no paradox is created. 
This is because, unlike repetitive or numerical infinities, in the NSSF Hotel, nobody moves rooms. The NSSF Hotel magnifies a new room and a new occupant and hence (Endlessness + 1) is the logical absurdity. The NSSF Hotel makes logical sense.
