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 journey to the edge of the universe, if such a place exists, could begin with a child asking 

“What am I made of ?” As with many innocent questions the complete answer is not easy, 

and may lead you a lot further than you want to go. We could indeed be sugar and spice, or 

slugs and snails and puppy dogs' tails, they are after all the same carbon chemistry. 

Fundamentally we are quarks and electrons, photons and gluons plus spacetime, but there is an 

open question as to whether any of these are “real”. Mind and matter may be variations of 

empty space in action, having only the capacity and necessity to change, and not individually 

distinct from the vastness of the cosmos; but that’s not the answer you’d give a child.  

Yoda explains it best: Luminous beings are we, not this crude matter. Crude or not, matter is 

luminous, and connects the tiny world of the atom to the horizons of creation. Arguably, the 

particle and the horizon are entangled holographic mirror images, where holo is the root-word 

of whole. Our existence down to the last physical detail would then be encoded in all directions 

at equal distances into the past and the future, but not pre-determined, or even presently 

determined; at the largest and smallest scales we are and will remain unresolved.  

This is not easy or comforting to grasp even as an adult: it’s hard and strange, the workings 

behind the illusion of reality. To understand it you need to go back to the foundations of 

science, of rational and material enquiry, even to the echoes of oral traditions that preceded 

history. To see it, you need to see that your mind is part of it, in either a spiritual or a scientific 

way as you prefer, since these worldviews converge at that distant limit. 

 

Early civilisations had very different concepts of time and space, substance, cause and effect, 

of the world and the sky, and indeed of most things whose detailed scientific description we 

now understand and take for granted. The Greek philosophers were the first to propose rational 

laws of cause and effect, and to envision matter as divisible, or analytically soluble, but not 

infinitely so. They imagined tiny, hard, discrete bodies, which they called atoms and described 

as having definite physical properties that explained the substances these atoms constituted.  

Reasoning by induction, the best tool they had, on the fine division of quantities so as not to 

invoke known philosophical infinities at the limit of nothing (due to Zeno, surely the coolest 

of all philosophers, and the closest to Zero), these original thinkers argued that atoms were not 

further divisible but moved about in an empty space called the void (ominously, to a modern 

mind), and they showed by the ideal shapes of diamonds and droplets how such things could 

come together in different combinations to make stuff; air, water, fire, earth.  

Geometric shapes were invented by the same philosophers, for practical-aesthetic reasons 

stemming from the parallel development of artistic and architectural techniques. These ideas 

ultimately inspired the development of complex three-dimensional geometries in the schools 

and academies under Thales and Pythagoras and many others, and incidentally enabled the 

cities and libraries and marble sculptures and piped sewers and all the advances of the ages that 

followed them. It’s good to know that the core of human progress is abstract and idealised 

speculation, inspired by beauty, symmetry and harmony. 

Yet it's hard at this distance to imagine a thought system that doesn't include atoms. The 

alternative, of continuous and interwoven matter with no fine divisions into component 

particles, must have influenced the human imagination in ways that we probably cannot 
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reconstruct from these fossilised ideas. Continuities of time, space and hence energy seem to 

be natural and common-sense, but the related notion of continuous matter has been lost. It has 

been millennia since we last thought that way, and centuries since the new best evidence for an 

atomic theory.  

It has taken us as long to discover that the old atomic idea was not just another form of Greek 

myth. The evidence emerged in stages, in parallel with new and powerful ideas, impressive 

predictions, incredible technologies; energies, machines and medicines that defied magic and 

mythology. Much of it came from the emerging atomic and subatomic theories, in chemistry 

and electronics, in radio and radar.  

The atom, it seems, is essential to the advances we now know are possible. The last atomic 

theory skeptics died in the early twentieth century, and their ideas were far from coherent, but 

they fought the good fight of stubborn disproof that great sciences must survive. Stephen 

Hawking and Leonard Mlodinow provide a review of the evolution of these ideas from Greek 

philosophy to modern science in their book The Grand Design.  

Re-emerging after at least two dark ages, the first atomic ideas of the scientific revolution 

started from scratch with more advanced methods that followed rational experiment and 

analysis rather than the pure reason of the Ionian philosophers. Geometrical models of the atom 

were abandoned and the subtle methods of elimination were adopted, the naming and ordering 

of elemental substances by the similarities and differences of their properties, the whole-

number ratios of their mixtures, combined with increasingly sophisticated mathematics and 

equipment. Alchemy was finally abandoned and chemistry in its place slowly unfolded the 

periodic table. 

The discoveries of electricity and magnetism and their unification as electromagnetic fields in 

motion as particles or light led to the development of instruments capable of probing and 

measuring the microscopic and then the subatomic worlds. Rutherford's discovery of the 

atomic nucleus stands as one of the great moments in experimental science: the scientist 

imagining a gossamer web of matter only to have it rebound against his instruments "like tissue 

paper deflecting an artillery shell". For one strange moment, when Rutherford and his team 

must have laughed nervously, the nature of matter at the smallest and most fundamental levels 

seemed very surprisingly definite. 

The experimental discovery of the atom, much like a discrete lump of hard "stuff", was a 

resounding victory for the power of both Greek philosophy and materially rational modern 

science, but almost immediately things started getting stranger. More sensitive experiments 

found that subatomic particles behave in ways that cannot be explained by the idea of “little 

hard particles”: Rather than being definite concrete objects, elementary particles turned out to 

be uncertain, smeared-out or dualistic in ways that are extremely difficult to understand in 

terms of common sense or classical physics at the human scale. 

Max Planck, the father of quantum mechanics, was in 1901 the first to realise just how 

catastrophic the anomalies were, and to understand (or at least theoretically derive) how they 

could be resolved. In doing so he found that not only matter but many of the most fundamental 

aspects of the world, such as energy and light, are divided into fundamental units just as matter 

is into atoms. Planck himself calculated the smallest possible unit of anything, the quantum 

factor now known as Planck's Constant, which is still the smallest natural number in common 

use in any branch of science. 

This division into fundamental small amounts, which Einstein called quanta in reply to Planck, 

was surprising because by that time the essential alternative to atomic theory, the idea of 
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continuity, had also worked its way into important parts of scientific and common-sense 

thinking: that there is a smooth continuum of any effect, with no atomic divisions or 

fundamental smallest scale. Quantities such as energy and momentum were thought of as 

varying continuously, that is they were supposed to be able to take any value on a complete 

number line. Reluctantly, as though he knew he was destroying a beloved myth, Planck showed 

that energy comes only in discrete amounts, stepping between certain allowed values on a 

number line consisting of only those allowable values, and no others.  

This implies among other things that a spinning object, such as a child on a piano stool, can do 

so only at certain speeds and that the transition between speeds is step-like, not continuous. 

This is very difficult to visualise, even allowing for the fact that the steps are very small, of the 

order of Planck's constant: 6.6𝑥10−34, a 6 preceded by 34 zeroes, an immensely tiny unit of 

action. Think about it: to slow down and stop, each step is disjunct, and there is no actual step; 

you move from one state to the next in quanta that must be paced out carefully to appreciate 

just how small: Each zero along this number takes you down by another factor of 10, until as 

though rising over a tiny local horizon the fundamental non-zero number first appears, 

outlining the shape of worlds smaller than any atom: 

 0.000000000000000000000000000000000662606896… 

Quanta at these scales, which by Planck’s time included light and the newly discovered 

electron, were soon found to be almost self-contradictory, existing simultaneously in separate 

and irreconcilable states, such as particles (which are localised) and/or waves (which are 

distributed in space), and manifesting as one or the other depending on how you measure them. 

They have complementary properties, such as position and momentum, which cannot be 

measured with certainty at the same time: the more you know about a particle's position in 

space, the less you can know about its speed. And despite the subatomic scale, these strange 

quanta have large-scale macroscopic properties that orient themselves in spacetime, axes of 

polarisation that are measurable as precise single directions but that behave as though they are 

smeared out over a wide range of values, as though an arrow can point in many directions 

simultaneously.  

Most strangely, these modes of orientation (and many other effects) are intimately bound to 

the act of conscious observation, in that you have to decide which experiment to perform; that 

is, these physical effects stem from your choice of which aspect of a subatomic duality or 

superposition of many states you intend to observe, even as you make the measurement. 

 

The paradoxes and discontinuities of particle physics are difficult concepts that scientists have 

just had to get used to. Albert Einstein never quite managed to get comfortable with even the 

ideas that he helped to create. Successive generations of scientists have chosen not to follow 

Einstein into resistant skepticism but to professionally and pragmatically work with what they 

know for the best results. The paradox is not regarded as a problem because the predictions of 

the theory are good and the methods can be taught and practiced.  

There is a classic demonstration, known as the two-slit experiment, which needs only some 

basic ideas about classical wave physics (as in ocean waves or ripples in a pond) to get a clear 

idea of the paradox. This is the best illustration I know of, widely used in the science literature 

and textbooks for near-painlessly introducing the quantum idea. Paul Davies gives a good 

introduction to this physical experiment, not a thought experiment, in his excellent book 

Superforce, to which I am eternally indebted.  
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I'm going to try to re-explain it here, for two reasons: one, if you haven't heard it you won't 

know what I'm talking about. There is nothing outside the text. And two, for all his great verbal 

clarity Paul Davies didn't quite make clear just how bizarre and profound the experiment is. 

Even Stephen Hawking made it too technical to grasp the key contradictions. Let me try to get 

this idea across. 

To keep it relevant to the physical world we are familiar with, picture a harbour wall with long 

ocean waves approaching from far out to sea, with some short and some long crests, in groups 

and individual waves. Ocean waves are complex mixtures of huge numbers of individual waves 

mixed together, creating the varying sets and troughs familiar to any surfer.  

Considering this profound irregularity, it's useful that a harbour can be designed to limit the 

impact of ocean waves as though the waves are taken one at a time. Each individual wavelength 

is tested and sorted by the edges and width of the mouth. If the mouth is wider than the 

wavelength (the distance between wave peaks), the waves roll straight in virtually undisturbed; 

but if the mouth is made sufficiently narrow the waves bend and enter the harbour on a 

diffracted, circular front. The amount of bend in the diffraction is different for different 

wavelengths, so it's a surprisingly complex pattern for all that it's just concentric ripples. 

Harbour mouth diffraction pattern  

http://www.revisescience.co.uk/2010/schools/albany/21p64.asp 

If two narrow harbour mouths were built side by side in a sea wall, the waves would bend into 

two separate circular fronts which cross each other and form an interference pattern which is 

even more complex. Where a trough and a peak (positive and negative waves) overlap, the two 

waves subtract or cancel each other and form a local smooth patch of level water; but where 

troughs and troughs or peaks and peaks coincide, they add up to reinforce each other and make 

a larger wave or deeper trough. Fishermen sitting on the inner harbour wall would observe a 

complex, irregular wave pattern with extreme rough and smooth patches rather than a uniform 

rise and fall. This makes the water near a sea wall dangerous, full of hidden undertows and 

irregular chopping waves, but protects the harbour by destroying all that energy around the 

mouth: 

http://www.revisescience.co.uk/2010/schools/albany/21p64.asp
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Double diffraction interference pattern   

http://thescifact.wordpress.com/tag/biocentrism/ 

You can examine an interference pattern in action by placing a saucer of water on top of a 

spinning washing machine. 

Quantum waves, as in subatomic particles, behave in much the same way: In the classic two-

slit experiment a cathode ray gun projects a beam of electrons (the most easily accessible 

fundamental particle) at a screen with two fine optical slits cut in it. Electrons arrive at random, 

some passing through one or the other of the slits and registering on a photovoltaic screen 

beyond the slits. The screen detects electrons impacting at individual points, and just as in the 

two-mouth harbour the impacts form a wavelike interference pattern, canceling each other out 

in some areas, reinforcing each other in others. If one of the slits is covered, the interference 

pattern disappears and is replaced by the simpler wavelike diffraction pattern of a narrow one-

mouth harbour. The waves are macroscopic, easily visible at a larger scale than the slits, as 

patterns of multiple waves like dappled light on the screen. The wave-like behaviour is thus on 

a scale much larger than the individual electrons: 

 

http://thescifact.wordpress.com/tag/biocentrism/
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Electron diffraction interference  

http://en.wikipedia.org/wiki/Double-slit_experiment 

But, if the cathode ray gun is set to single-fire individual electrons at the screen (particles can 

be isolated and fired one at a time), the same patterns arise: Individual electrons accumulate on 

the plate and build up either an interference pattern if two slits are open or a diffraction pattern 

if only one is open. There is no difference in the patterns that individual or multiple electrons 

produce, so it doesn't matter if you project a beam of many electrons or one electron at a time. 

The patterns are, it must be emphasised, macroscopic, far larger than the individual electrons. 

The first puzzling thing about this experiment is that the photovoltaic meter registers electrons 

striking at individual points, but the density of these points varies in a wavelike interference 

pattern. Evidently the electrons are measured as particles (localised points), but engage in wave 

behaviours (distributed patterns). The particle aspect of an electron is tiny, far smaller than an 

atom, but its wavelike aspect can be spread widely through space like a beam depending on the 

projection and focusing devices. So really, are electrons particles, or are they waves on a vastly 

larger scale?  

This is the first thing that the child’s question must understand, the duality of a wave-particle. 

We can’t definitively say which aspect a particle-wave “really” is. It depends on how we 

measure it. There’s no doubt that this indeterminacy is correct and it is a feature not only of 

electrons but of all subatomic particles including light. 

The second, even more puzzling thing is that when individual electrons are fired at the screen, 

the interference pattern still appears. The classical analogy of a harbour mouth tells us that this 

particular pattern should only occur when waves enter simultaneously by both mouths of the 

harbour. But common sense argues that a single localised particle can only pass through one 

slit at a time, it can't be in two places at once, so how can it enter both slits and interfere with 

itself?  

http://en.wikipedia.org/wiki/Double-slit_experiment
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If one of the slits is closed, the interference pattern disappears and is replaced by a simple 

diffraction pattern, but if an individual localised electron passes through only one slit, how does 

it ‘know’ whether the other slit is open or not?  

The answer according to quantum mechanics is that each electron actually does pass through 

both slits, if both are open, but not as a definite localised particle: quantum mechanics instead 

describes a wavelike distribution of probability: There is a certain chance that any electron will 

pass through either of the two slits, based essentially on the varying intensity or focus of the 

beam, which determines not only the proportion of all electrons but the proportion of each 

electron that passes through each slit.  

The interaction between two probability waves creates the more complex probability 

distribution of an interference pattern on the meter. But if one slit is closed, the probability of 

a electron passing through that slit falls to zero (it can’t pass through a closed slit) and the 

interference pattern does not form.  

When this travelling probability distribution is detected by the photovoltaic meter, the electron 

is actualised as a definite, localised particle. The particle aspect of the electron is all that we 

actually observe, and it’s a convincing observation of a small, hard ball: The meter is designed 

on a principal devised by Einstein in reply to Planck, for which Einstein won the Nobel prize, 

that the particles are particles, at that point at least. The way they hit the screen can be shown 

in a number of independent ways to be individual electrons impacting on a screen, with nothing 

like a wave behaviour. The wave aspect is inferred by the pattern built up by the combined 

total of all the individual electrons.  

In other words, in a stream of tiny particles projected in a beam, each particle is also a type of 

beam, a macroscopic, wave-like distribution of the particle; but this registers on the screen as 

not a wavelike but a point-like sub-microscopic mass of incredibly small size. 

 

The wavelike aspect of a particle is in a sense something like the axiom of a tree in a forest that 

arguably does not fall if there is no one there to see it happen. We cannot observe a particle 

directly as a wave, but the evidence about its pathway between two points, say between one or 

two slits, combines in a wavelike imprint which shows that each particle as we observe it has 

behaved like a wave in any region where we cannot detect but only infer its motion. Between 

the electron gun, where we know for certain its existence because our technology produces it 

there, to the screen where our technology allows us to record its impact on arrival, there is a 

space in which the electron is not directly observed but where the wavelike patterns of 

diffraction and interference inform us of the movement of a wave, and a very large one on the 

scale of the electron we actually produce and observe. 

The more scope we allow for the particle to evolve without observing it, the more pronounced 

this wavelike behavior becomes. Richard Feynman, arguably the greatest physicist of the 

middle years of the twentieth century and certainly the most beloved scientist of all time (he 

played the bongos in nightclubs, reconciled the world to the Challenger disaster and did work 

that rewrote all the textbooks), developed quantum electrodynamics on the idea that electrons 

and other particles actually follow all possible paths between any two points of observation, 

literally meaning they can travel anywhere in the universe between A and B so long as we only 

observe them at A and B. It is the sum of all these potential pathways that provides the wavelike 

aspect: their phases, a key trait of each separate possible route, mathematically add up in a 

wavelike manner. The ray-like or beam-like behavior of a particle following the shortest path 

between two points on average is explained in the same way. 
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What then lies between A and B? We can in fact detect an electron at almost all points of any 

given path by passing it through a bubble chamber, a device where an electron's energy in 

collision with a thermally unstable liquid produces a trail of bubbles marking the electron's 

pathway. In these experiments a particle's mass, momentum and charge, ie the properties of the 

particle, are all that is needed to explain the fascinating curved and explosive pathways that 

result. There is no wavelike behavior at all, just those strange electrically charged point-mass 

deceleration spirals so familiar from the cover art of many books on this subject. 

 

Bubble chamber image 

https://www.physicsforums.com 

So by choosing a bubble chamber or a two-slit + screen apparatus, we are actually choosing 

which aspects of the wave-particle we wish to observe. These strange "objects" (we can no 

longer be sure that they really are objects in any sense of the word) behave in a way that depends 

entirely on how we look at them. 

 

Another classic demonstration of this kind of macroscopic quantum weirdness involves the 

polarisation of light. Polarising filters are used to control the directional orientation of the 

magnetic fields of electromagnetic waves or light, so they are all pointing in the same chosen 

direction. It is as though the rays pass through a grating with a single very specific direction, 

and only rays with that direction can pass through. Polarisation can be accurately measured and 

always aligns in a very definite direction, the direction of the classical electromagnetic field, 

producing definite forces on electrons to make them oscillate back and forth in radio receivers, 

so there’s no question about the reality of the direction: 
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Polarising filter  

http://cnx.org/content/m42522/latest/?collection=col11406/latest 

But, after polarizing a ray of light in a particular direction, you can show that in fact it is only 

probably oriented that way, not definitely. A second filter at a second orientation to the first 

should now exclude all the light, since it is is not at the precise angle needed and so should be 

excluded by the grating; in fact there is only a slow drop in intensity as the second filter is 

turned out of alignment, until all light is excluded at a full 90-degree orientation. The 

probability of alignment falls from one (ie 100% chance the light will pass both filters) when 

the filters are aligned, to zero when they are at right angles: 

Paired polarizing filters: the second filter is not definitely but probably misaligned with light passing 

the first filter. 

Even stranger, when a third filter is placed at an intermediate angle between two right-oriented 

filters, each filter operates only on the probabilities of the immediately preceding one, so that 

light now passes through all three filters regardless of the 90-degree misalignment of the two 

outer ones. Each filter apparently prepares the ray in such a way that the probabilities are recast 

from one step to the next: 

 

http://cnx.org/content/m42522/latest/?collection=col11406/latest
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"Paradoxical" re-orientation of probabilities through a third intervening filter 

 (http://www.lhup.edu/~dsimanek/14/polaroid.htm) 

There is no classical explanation of this effect that makes sense or agrees with the data. The 

probabilities are real, in the same sense as before: each ray is in fact oriented in a superposition 

of directions, not just one direction, at probability intensities that can be controlled to a limited 

extent by a filter. This experiment was almost conducted on a mass scale by Gary Zukav in his 

overly-ambitious book The Dancing Wu-Li Masters, except that his publisher could not afford 

the three polarising filters proposed to go with each book. 

Leonard Susskind, whose pioneering work in string theory was challenged by Murray Gell-

Mann's foundation of standard-model quantum chromodynamics (either of whom might be 

surprised to find themselves mentioned in almost the same paragraph as Gary Zukav) 

introduces quantum information theory in his Stanford University course by an illustration of 

the polarized properties of q-bits, that is bits of information in a quantum computer, which are 

capable of carrying not one but many alternate pieces of information in a superposition of 

polarised electron spin states.  

Susskind describes a similar experiment to the three filters, in which the value of the spin can 

only be measured as  +1 or -1;  but the probability of finding it as such, one way or the other, 

depends on the selected orientation of a detector. In fact the probability is exactly the projection 

of +1 or -1 as a cosine of the orientation direction. This would have to be about the simplest 

mathematics you can expect in QM theory - most of it is a lot more horrendous than high school 

trigonometry - but the actual phenomenon still makes very little sense despite its simplicity. 

Quantum mechanics can be hard, and it is certainly complex, but even at its easiest crossings 

it is like a river that can flow upside down. 

 

The mathematically elegant dualities of quantum mechanics are not easily reconcilable with 

conventional common sense, and in fact the pragmatic approach of the standard model of 

quantum mechanics is to not even try, but to simply rely on the mathematical formalism that 

predicts how they behave. “Shut up and calculate” is a well-known easy formula for this 

doctrine. The maths can be understood and applied, but the results, both experimental and 

theoretical, have no analogy in the macroscopic world, regardless of human cognitive 

limitations that depend on that world.  

http://www.lhup.edu/~dsimanek/14/polaroid.htm
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Probability, familiar enough in our dice-throwing, odds-guessing social reality, is handled in 

quantum mechanics by an approach involving complex numbers that are counted on not one 

but two number lines, aligned at right angles, for which there simply is no equivalent in the real 

world. Pragmatically, such analogies are not needed to get an experiment or a consequent 

technology to actually work, so long as we can figure out how to compose these technically 

“imaginary” numbers into a real solution. 

So by describing the wavelike pattern as a probability distribution we have both a mathematical 

procedure and a formal way of describing quantum events, but it does not necessarily ‘explain’ 

what is happening: In over one hundred years, no interpretation has been found that satisfies 

common sense and gives the correct answers.  

Einstein struggled in vain with the idea for his entire life, despite his groundbreaking early 

contributions to the theory. He could not accept that it all just comes down to probability, and 

we can still acknowledge that he had a point: Probability is a construct, like science, that we 

make as an inference from many classes of facts, and that we have learned to "do" 

mathematically. It is often the first step toward a better scientific understanding of the world, 

but (except in the case of quantum mechanics it seems) it is not usually our best or only 

description of the world itself. A horse-race is won for a reason: the condition of the track, or 

the strength of the horse or the ability of the rider. A war may be lost for the throwing of a 

shoe-nail, and all the trains of effect are definitely described at any level. 

Einstein wanted to know what classical forces or effects underlying the real phenomena 

actually caused the quantum probabilities, and could not accept they just were or that this was 

the fundamental irreducible nature of the atomic world. The trouble is, neither he or anyone 

else could find those effects or forces, and since he died we have pretty much stopped looking. 

To avoid the archetypal pain of a stumped Einstein, we have had to accept strange propositions 

such as electrons and other subatomic particles that do not actually exist as we measure them 

until we measure them, and apart from that they exist in a state of dualistic potential, not 

localised as objects but widely distributed as waves throughout all space, depending on how 

and where we observe them.  

This observation problem, as it is called (sometimes called the measurement problem), seems 

to suggest that we require the existence of conscious observers to explain the behaviour of 

fundamental particles, or alternatively that particles must be observed directly in order to be 

objects, that is to become manifest as distinct entities in the same sense that observers apply to 

themselves. In absence of detection, they are not objects, at least they don't behave like objects. 

On the evidence we can glean indirectly of their pathways and behaviour, between points of 

direct observation they seem to lose the limits of ordinary objective existence and are spread 

widely through space. 

This is a profound but in no way philosophical speculation; it is an experimental fact to a 

precision that beats any other branch of science. It has been tested on objects as large as viruses 

and is found to be as near as you like exactly correct, a precision again derived from the 

powerful fine-control that electromagnetic instruments provide. 

Recent theoretical work (Pusey et al., 20121) suggests that the bizarre complex number 

probability distributions of quantum theory are fundamentally real, not a mathematical trick, 

and not tied to any unseen reality at a deeper level. Prior to the act of observation a quantum 

system literally exists as the complex-number probability description seems to suggest, namely 

                                                 
1 Pusey MF, Barrett J, Rudolph T., On the reality of the quantum state. arXiv:1111.3328 [quant-ph] 
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that its properties are measurable on dual number lines, only one of which is even 

mathematically regarded as "real".  

In the macroscopic world, this would be equivalent to counting sheep with paired numbers, so 

that the simple concept of number or amount, fundamental to any organised attempt to 

understand the world (not just science!), is dualistic. The paired numbering shows that the 

world is in effect twice as quantifiable as ordinary experience would suggest, because the 

practical effects of number (such as how much you could sell your sheep for) have no less than 

two answers as we conventionally count them. 

At the macroscopic level of the laboratory, in physical terms (not necessarily social or 

psychological) we do not find ourselves in two places at once. But both levels are empirically 

verifiable, "good science" in both the classical and atomic worlds. So which is a truer 

description of reality, and which came first, quantum physicists or the dualistic matter of which 

they are made to observe themselves by? To sidestep this paradox we could say that particles 

exist in a sense by observing each other, in a complex network that adds up to macroscopic 

substance as we know it, but this is not really satisfactory, because the role of consciousness, 

the centre of human existence, is also central to the interpretation of quantum mechanics and 

in fact the expectation of hidden causes does not stand up to experiment. No matter how we 

slice it, our perception of reality at this level is partial or incomplete, a monism in a dualistic 

world, and possibly only one strand of many. 

 

How can we begin to understand this? The outlines of a theory, or rather a complex of many 

contributing theories, is beginning to emerge. David Mermin of Cornell University (reported 

in New Scientist May 20142) is the most recent in a long-term collaboration of scientists trying 

to re-cast the probability distributions of quantum mechanics as structured updates, not of the 

phenomena themselves, but of the information available to an observer about phenomena. This 

takes some explaining, but makes a lot of sense. 

Probability can be regarded in two not-inconsistent ways, firstly as the overall pattern of a 

number of past events, and secondly as a prediction of likely and unlikely outcomes of the next 

event in a series. A prediction can be based on the known occurrence of past events, but any 

additional information that is available about conditions immediately prior to the next event 

will alter and possibly improve the prediction.  

To use Mermin's example, in considering whether it will rain today you can look at the 

probability of rain at this time of year based on long rainfall records, and (even better) you can 

also consider if it rained yesterday. Invariably the extra information gives a better prediction, 

and does not contradict the underlying historical data. Regardless of the raw historical 

probabilities, rain for one thing is always more likely today if it rained yesterday.  

Mermin and his colleagues use the second view of probability via a mathematics derived in the 

mid-18th century by Thomas Bayes, a prominent figure of the long tradition of scientifically 

astute European clergymen. Bayes' theorem is one of the simplest mathematical statements you 

are ever likely to encounter in advanced probability theory, a simple product and ratio of 

dependent probabilities, but it has an extraordinarily broad range of application (almost all 

PhD's in science or engineering will at at some point seriously consider whether they should 

tackle the Bayesian stuff) and has logical consequences which can feel profoundly like 

glimpses of the future in a mathematically constructed crystal ball. Unique in probability 

                                                 
2 arXiv:1311.5253v1 [quant-ph] 
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theory, Bayes' theorem has its own symbol for the division operation, a vertical line | that gives 

better odds on probabilities based on the probability of an outcome, given some new 

information. It’s a better than fair exchange of what you know for what you need to know. 

In Bayesian theory, information has a strange and even discontinuous or discrete effect on 

probabilities, very much like the collapse of a wave function one way or another given that a 

slit is open or closed, or the presence of an extra instrument such as an intervening filter. It is 

without doubt relevant as a mathematical slide-rule of the observation problem. 

A strange illustration of Bayesian probability is provided by a popular brain-teaser known as 

the three-doors game show. In this actual TV game show, as the last event of the night the 

overall winner is asked to choose from one of three closed doors, behind one of which is the 

grand prize of the night. Of course, the contestant has only a 1 in 3 chance of picking the right 

door, not great odds. But how the game works is, the show host allows the winning contestant 

to make a first choice, then opens one of the other two doors to show that it is empty, so that 

door at least does not hide the prize. The host then asks the contestant if she would now like to 

change her mind, ie to choose instead the only remaining door. 

Why would you change your mind? With only two doors now unknown, surely the probability 

of success is only 50:50 at best, better than 1/3 but a questionable bonus that actually attaches 

to both doors, including your original choice. You might not easily see the mechanism by which 

the probabilities have changed, so you'd have to ask, have they in fact changed at all? Plausibly, 

you stand as much chance by sticking with your original choice.  

Most people would prefer not to change their minds while on TV, if only for the convincing 

but purely psychological reason of avoiding a perceived tragic embarrassment, of appearing 

indecisive and still losing, if that's the outcome. But this is wrong. You can change the 

probabilities, but only if you use the extra information. If you don’t use the host’s reveal 

information, your probabilities can’t change. By sticking to your original choice, exactly as 

though you were never shown an empty door and not given the extra choice, as if that 

information doesn’t exist, you are sticking with your original 1/3 chance of success. 

The situation is not a statement of actualities, but of probabilities: in your first choice you have 

a 2/3 chance of getting it wrong, so the prize is twice as likely to be behind one of the other 

two doors. Knowing (as the host shows you) which of those doors does not hide the prize, the 

2/3 probability is now associated with the only remaining door, and you can decide to switch 

to the 2/3 probability by changing your choice.  

Mathematically, given information on which of those doors does not hide the prize, the 

probabilities can be updated to show that your chances of success upon using the information 

are not 1/3 or 1/2 but 1/3 divided by 1/2, which is 2/3. Bayes' theorem would give the success 

probability of a change-your-mind strategy as simply 1/3 given 1/2. 

You might need to think about that for a while, or try it with a partner as a game with three 

cups and a bead. Experimentally, you will be successful about 67% of the time if you change 

your mind given the extra information, and 33% if you don't. 

How does this help us understand quantum probabilities? In interpreting the two-slit or three-

filter paradoxes we inevitably conclude that the "reality" of an electron or photon is not definite 

as such until it is observed. In the game show there is no need to question that the prize is 

actually behind one of the doors, because the host's a-priori knowledge of where the prize is 

hidden directs his action in unveiling an actually empty door. The contestant surely shares the 

same "real" world as the host, and the show's independent observers, so the prize “really” 
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(despite Leonard Susskind’s suggestion that the word “real” be expunged from the physics 

vocabulary) is there behind one of those doors.  

There is no such "hand of Monty Hall" in the selection of one slit or the other by an electron, 

but the updating mechanism is very similar: the interference pattern of many successive 

individual electrons shows that the electron or rather the probability distributions that 

summarise information about the electron must pass through both slits if both are open in the 

focus of the electron beam. Whether the slit is open or not then updates the resulting diffraction 

and interference of probabilities. Similarly a third polarizing filter updates information between 

two orthogonal filters so that the probability is no longer one or zero but somewhere in between. 

The observation problem in this view is not a problem of the nature of reality as such, but of 

our awareness or knowledge of it. This idea does not downgrade the importance of an 

underlying "nature of reality", rather it elevates the role of knowledge, that is actions of 

intelligence engaged in observation, as an irreducible and important, even fundamental aspect 

of reality.  

 

Erwin Schrödinger was the first to describes subatomic particles by a wave function, which 

contains the probability of the particle occurring in any particular state. When the particle is 

observed, the wave function is said to collapse to a resolvable state, but it could also be said 

that the observer simply selects a point of view to observe it from while the superposition 

continues to evolve within the limits of the experiment. This is an extension of the standard 

interpretation of quantum mechanics, but one which is necessary to understand the process of 

mental activity, which to our best understanding develops due to events at a quantum level in 

the neurochemistry of the brain. 

It helps to realise that we as humans are limited in our point of view, and that this controls our 

perceptions and understanding of the world. Picture for example, any ordinary object, such as 

a cup. How much of it can you see at one time? By turning the shape in your hand or mind you 

can see that it has a number of aspects which add up to its shape, but you can only see one 

aspect at any time. The artists Pablo Picasso and Georges Braque were among the first to realise 

that a cup exists not as a single visible shape but as a combination or superposition of all its 

visible aspects, an idea that they developed into the artistic forms of cubism.  

Essentially Picasso said, imagine if you could see a cup, or guitar (or guitarist), as it really is, 

from all possible points of view simultaneously. What would it actually look like? In fact this 

is probably impossible for the human mind to imagine, not just because it is entirely outside 

our experience, but because it would overwhelm the processing capability of our minds, 

biologically evolved as we are in a single or at best stereoscopic viewpoint. The cup exists as 

a complete shape, of course, but when we observe it we have to resolve it into a single view 

and cannot possibly imagine any other way of seeing it. 

Cubism did not answer its own question, but made a good point just by asking it.  

The point, as an analogy from cubism to QBism3, is that a subatomic particle exists as a 

superposition of all possible states depending on our knowledge of it. In the two-slit experiment 

each electron not only passes through both slits but bounces off the whole target area of the 

                                                 
3 I didn't intend to create an obvious pun on the informal title of Bayesian quantum mechanics, that is 

QBism, but it is certainly there as a lame-funny aside in public lectures. As we shall see, self-

referential statements such as this one are not just hip post-structural literary devices, they are in fact 

powerful theoretical mechanisms in themselves. 
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barrier screen as well. The particle’s distribution is only limited by the way it is formed, the 

tolerances of the electron gun and the particular arrangement of potential fields in the focusing 

device. Similar limits occur in nature, but no particle is a priori limited to a single state. That 

only occurs when we, with our limited viewpoint, use some device with a limited design (such 

as a photovoltaic meter) to observe it. The complete reality of an electron becomes partial and 

limited only when we project it into our limited perception. 

 

Clearly, matter is not substantial in the usual sense of the word. It exists in a state of potential, 

manifesting itself as relationships between fields of gravitational, electrical and nuclear forces 

which are themselves transmitted in wavelike patterns. There is no ‘small hard particle’ at the 

centre of these fields; just the properties by which they can be detected – the mass, charge, and 

other properties associated with the fields – as well as the fact that a particle is detected, by us. 

As the child’s question teaches us, the simplest way to express the substantiality of matter is to 

say that it is made of the same stuff as empty space itself, but that doesn’t mean there is simply 

nothing there: Empty space is not empty, it is a seething, distorted continuum of virtual 

particles, short-lived pieces of matter and antimatter which literally appear from nowhere and 

immediately disappear into it again at the finest scales possible. The stable subatomic particles 

that constitute the ordinary world we see (protons, neutrons, electrons and light, essentially) 

are not independent of the virtual particles, in fact all interactions between particle fields, that 

is all conventional atomic and electromagnetic actions including the biochemistry of our bodies 

and brains, depend on an exchange of virtual particles between them. There is really no 

distinction or boundary between a fundamental particle and the space surrounding it. 

To put it even more simply, a particle is a bit like a knot in space, and space is a seething mass 

of virtual particles appearing and disappearing at all scales down to the Planck scale. Each 

particle takes the form of a wavelike probability distribution which encodes information about 

its potential manifestation when observed or interacting with other particles. The wave 

functions are at the scale of macroscopic objects and can be entangled with other wave 

functions at great distances in space. 

This actually says more about space than it does about matter, and the change of emphasis is 

useful as a lead into the next set of ideas: Einstein’s theories of relativity, on which modern 

ideas of the large scale structure of space and time are based. 

∞ 
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elativity theory began with Galileo Galilei (Dialogue Concerning the Two Chief World 

Systems, 1632), who while studying naval artillery realised that an observer in a smoothly 

moving vehicle feels no different to a stationary observer, and that objects such as cannonballs 

flying in the moving frame of reference must behave the same as they do to observers on solid 

ground. This idea, the equivalence of uniform motion to no motion at all, stood against the 

conventional common sense of the time, which held that motion must become increasingly 

violent with increasing speed - a natural conclusion from the state of the roads in Greek and 

Roman through to medieval times. It required a radical new invention, the smooth-railed 

locomotive (imagined by Galileo), to demonstrate that people would not be killed by velocity. 

As smooth high speeds became commonplace in the industrial revolution, a new common-

sense idea evolved to suit the simple relativity of motion: two objects in motion can be 

described by a single relative velocity, which is the difference between their individual 

velocities. Two cars travelling in opposite directions at 60 km/hour have a combined relative 

velocity (and potentially destructive energy) of 120 km/hour. But if they are travelling in the 

same direction, the combined velocity (and energy) is zero. The relative velocity and the mass 

of either car is all that is needed to predict what will happen due to the energies in the event, 

say, of a collision, either a gentle sideways bump or a devastating head-on smash.  

All possible interactions at speed can be described in terms of relative velocities. There is never 

any need to measure an absolute velocity, fortunately, because there is never a fixed reference 

to measure it by. Neverthless it was assumed long after Galileo had shown the independence 

of horizontal and vertical velocities, and the essential relativity of any two uniform velocities, 

that underlying it all, absolute velocities did exist. Even Isaac Newton, the giant who stood on 

Galileo’s shoulders, thought so, and most of science followed him. 

Common sense, encapsulated by Newtonian classical physics, dictates that all vehicles possess 

their own individual velocity, which can be defined relative to some common reference frame. 

We know that the Earth is not stationary but moving around the sun; nevertheless the 

approximation of a stationary Earth is extremely good for most uses and common sense will 

argue if necessary that absolute velocity could be defined relative to a larger reference point 

such as the sun or the space through which the solar system moves.  

Up until around 1905, before the discovery of distant galaxies and their motion as the most 

general area code of our "address" in space, most scientists would have more or less agreed 

with the idea that empty space defined by the average motion of stars was an absolutely 

stationary reference frame relative to all states of motion. In fact they would not have known 

how to disagree with such a clearly self-evident idea. Newton’s cosmology, the first of all 

modern (as in scientific) cosmologies, quite explicitly held that there was an absolute space in 

which things moved, on which coordinate systems could be projected so that objects and events 

could be located in terms of position and time, plus measures of distance per time such as 

velocity and acceleration, and in which any particular relative velocity is a useful but incidental 

comparison. The absolute space was more fundamental than the relative and was regarded in 

an obvious sense as real. 

In the late nineteenth century however a series of experiments using rays of light as the 

comparator in relative motion showed that empty space cannot be an absolute frame of 

R 
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reference for measurements of velocity: Sensitive measurements of light speed in different 

directions to the orbit of the Earth found that the empty space hypothesis yielded no information 

whatsoever about the Earth’s absolute motion through space; even more surprisingly, it was 

realised that this indicates that the velocity of light is the same irrespective of the motion of an 

observer: It does not combine to produce a relative velocity plus or minus the observer’s 

velocity; the speed of light is a physically absolute constant. 

In the same period, great progress in experimental and theoretical physics had led the Scottish 

genius James Clark Maxwell to the realisation that light is an electromagnetic wave, deduced 

from the value of its velocity, which by then was known from direct measurements. The trouble 

was, his theory did not specify what the velocity should be relative to, or indeed that it was 

relative to anything at all. It just emerged from his theory, sparkling with the units of velocity 

and roaring with the immensity of its magnitude: 300 million metres per second, fast enough 

to travel to the moon in almost the time it takes to say the word.  

Not only that, but the strange properties of uniformly moving charges in a magnetic field 

violated Galilean relativity: suddenly there were forces involved in simple straight line motion. 

If for example you kidnapped an electron and smuggled it aboard the Orient Express, your 

fellow passengers would have no inkling of the crime; but a detective standing at the Borgo 

pass with a portable tesla meter would detect the poor mite’s moving magnetic field and blow 

the whistle on you, and on centuries of science. 

The detective’s name, of course, was Albert Einstein. His solution, simple as it is if you can 

grasp it, is this: since all the known laws of physics are invariant in uniformly moving reference 

frames, and the speed of light is invariant, then the speed of light is a law of physics. All other 

related considerations, such as absolute space, time and velocity, were secondary to that 

argument, and subject to relativity. Space and time, ably argued by Sir Arthur Eddington in 

Space, Time and Gravitation, are contingent details with circular and insufficient definitions 

but obeying rational laws due to the nature of light and matter. 

These related experimental-theoretical ideas, the inability to directly measure an absolutely 

stationary reference frame (with equipment precise enough to have found it if it existed), and 

the constant velocity of light (as required for the unification of electromagnetic theory with the 

older mechanics), totally confounded scientific thought, revolutionised it, and threw it into one 

of many debates that raged for most of the rest of that century. The phrase “Einstein was right” 

was only by the 1970s starting to firm into something like certainty. Arguably the detection of 

gravitational waves in 2015, over one hundred years later, finally put the question to rest. Even 

today there is room to debate interpretations of it, though the methods of calculation have been 

proven correct experimentally to an extraordinary precision. 

Special relativity explains the constant speed of light by unifying space and time. Time 

according to relativity is a fourth dimension alongside the three dimensions of space, and all 

four dimensions are subject to physical distortions which arise due to an observer’s motion and 

the effects of mass-energy previously interpreted as gravitational force. Relativistic distortions 

are not noticed at normal travel speeds on small-mass worlds such the Earth, but as velocities 

approach the speed of light these effects become very significant. Time dilates, or slows down. 

Lengths and distances contract to zero. Mass increases to a critical point threatening infinity as 

speed approaches light speed. Short-lived events become long, approaching eternities in which 

nothing happens and distances reduce to nothing. Light itself exists at the limit of these trends: 

to any photon, the universe is timeless, with zero distance in the direction of travel; it's all here, 

now. 
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How can we understand this? It helps to notice that velocity is simply the ratio of space to time, 

so as velocity increases, distances contract and intervals lengthen according to a simple 

geometric rule which Poincaré, Lorentz and FitzGerald were able to work out years before 

Einstein came along to explain it. The net effect of the distortions are to alter an observer’s 

length and time scales in such a way that any difference in light speed is exactly cancelled out, 

thus extending the framework of Galilean relativity to include electromagnetic radiation and 

reasserting the equivalence of natural law in all reference frames. 

In other words, space contraction and time dilation act simply to preserve the principle of 

relativity, the equivalence of observations from all reference frames, which runs so deep in 

nature that it was among the first of all scientific ideas. If this principle was violated, little else 

would make sense. But again, the existence of such deep principles is not necessarily a deeper 

description of reality, so much as a condition on our perception of it. Is it that relativity 

preserves the equivalence of observers, or is it that observers are limited to a view that is 

equivalent to other observers' views, without which our cognition of their experience would 

not make sense? 

The standard interpretation of special relativity is that the arena in which all phenomena occur, 

including the fact that they occur, is not space and time but a unified spacetime. The temporal 

dimensions of phenomena are as important as the spatial, hence the universe is composed not 

of objects but of events. Observers moving at different velocities observe different 

combinations of space and time between events, hence places and times are not absolute but 

merely relative to the observer. There is no universal “now” any more than there is a universal 

“here”. There is no fixed length or interval for anything. 

 

Another consequence of special relativity is the relationship between mass and energy in 

Einstein's most famous equation E=mc². Apart from providing the basis for nuclear technology, 

this relationship shows that mass is relative and increases with velocity. Such bizarre 

subjectivity in something apparently so definite as mass agrees well with the illusory, space-

like nature of matter according to quantum mechanics and indicates a relationship between 

mass and geometry, or between mass and space itself, which Einstein pursued for ten years or 

more to develop the General Theory of Relativity. 

General relativity is in many respects conceptually simpler than special relativity: Einstein 

knew that special relativity could only be applied to uniform motion, that is constant velocity 

with no acceleration. Motion with acceleration is very different; it can be measured as an 

absolute rate of change of relative velocity, and can be felt by its inertial effects on matter, the 

not-usually-counted sixth sense of acceleration (physiologically located not just in the balance 

sensors of the middle ear, but in the whole body) in a way that uniform motion by definition 

cannot.  

In the years after special relativity, Einstein’s greatest insight was to understand that all forms 

of acceleration are equivalent, including the acceleration due to gravity. This led him to realise 

that gravity is in fact simply an additional warping of spacetime in the vicinity of a massive 

object, so that the orbits of planets are really straight geodesic lines in a curved spacetime. 

There is a gradient in the distortion of space-time, which any freely-falling object will follow. 

The effect has continuity and extends out into space. Space is not a physical medium, like an 

elastic sheet, but contains physical laws that extend everywhere and attach the physical effects 

of mass and charge to a relativity principle; without which, indeed things would not make 

sense. 
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General relativity is often depicted as the distortion of a flat two-dimensional space delineated 

by a grid, with a planet or star in the middle and the distorted grid lines representing straight 

lines in a curved spacetime. I think Karl Sagan was the first to do this in his great TV show, 

Cosmos. You can even do it as a physical model, with a curved-space tableau and marbles 

rolling around in elliptical and hyperbolic orbits. In fact this model doesn't really explain how 

gravity works, since it still requires a downwards force of some kind to motivate things around 

on the curved sheet, but it has familiarity and does strike a level of common sense about what 

Einstein was saying.  

The idea is that those curved lines are actually straight lines in a curved spacetime. You don't 

need an explanation for why objects move in straight lines, it's the same principle that Newton 

had, that things move in straight lines until you apply a force. There is no force of relativistic 

gravity, it's just inertial motion in a straight line. When you throw a ball, it is following the 

curvature of space in an inertial reference frame that feels much like floating in space, subject 

to no force at all. This happens because there is mass or energy somewhere nearby, and 

spacetime is physically linked to it by the requirement for relativity. 

Try jumping through the air with a tennis ball in motion nearby; neither you nor the ball are 

subject to any relative force, even though you share the same acceleration the relative velocity 

is constant. If your spare change falls out of your pocket at that moment, it will gently float 

along beside you at a constant relative speed, nearly zero, perhaps moving slowly away until 

you and the ball and your money come down hard on the ground at roughly the same time. 

So the pronounced curvature of general relativity is easily accessible to your senses, very 

obvious and completely natural - it's in the motion of any bouncing ball, jumping frog or 

orbiting moon. Compared to this, the conventional idea of a straight line is a mathematical 

abstraction, an invention of the first geometers in their role as architects, reinforced many 

centuries later by Descartes and Newton. In nature, the real straight lines are satellite motion, 

which tend in the limit to a geodesic, the path of a ray of light in the local gravitational field. 

It's an easy and beautiful thing you can re-train your mind to see all around you. It's another 

good reason in addition to joy, to jump! 

 

In contrast, the results of special relativity are highly counter-intuitive and seem hopelessly 

paradoxical from any common sense point of view. One consequence is that events occur at 

different times to different observers – a classic example is a murder committed on a moving 

train: If two observers, one on the train and one on a platform, see the murder happen and look 

at their respective watches, they will see that the crime happened at different times. Fortunately, 

the constant velocity of light provides a natural limit that prevents true paradox from arising, 

since neither witness can know that the murder has occurred before it has actually occurred. 

Causality is not violated, but simultaneity becomes subjective. 

Again, it helps to realise that we are limited in our point of view: Both space and time are 

subject to laws of perspective which distort appearances when viewed from different locations 

and velocities. In a way it’s surprising that the ordinary laws of perspective, which anyone can 

see at work in the way an object appears smaller with distance, were worked out so late in 

history (by Brunelleschi, an architect of the early Renaissance) and of course, once discovered 

were profoundly revolutionary in the art and engineering of the time. Einstein’s theory enlarges 

this revolution by showing that perspective depends not only on viewpoint but also on the rate 

of change of viewpoint, in other words an observer’s velocity, so time is subject to similar 

perspective-geometry laws.  
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Even without relativistic effects, the full 3-D perspective view we have of the world does not 

consist of straight lines and is not merely three-dimensional. Look at any sunset: rays of light 

bend around your viewpoint and into the periphery of the entire scene. No painting to my 

knowledge has yet captured this, because the sky simply fills our field of view in a way that 

may be beyond art, unless it is art experienced in an immersive virtual reality. Or look out into 

the night; the stars appear scattered on a bowl-curved surface which we now know to be a view 

of literally four-dimensional space, with the more distant stars also further back in time.  

Another childhood question of deep general importance, is why does the night sky appear flat, 

like the surface of a bowl rather than its depth? I think you can explain this by perspective: It's 

partly because the stars are so far away that their visual appearance even by telescope provides 

no clues as to their actual relative sizes and distances; but it's mainly because the effect of 

perspective is such that as objects appear smaller with distance, so distances appear smaller 

with distance.  

If you had a 100 kilometre-long ruler that you sent out to measure the distance to the moon, by 

the time it actually arrived at the moon your view of that 100 km length would be so reduced 

by perspective as to be insignificant. The 100 km depth it represents would appear flat. The 

moon itself appears flat because the depth of field is drastically reduced by the same perspective 

effect on distance. You almost feel that you can touch it because the visual clues to its distance 

are reduced to almost nothing.  

At the far greater distance to the stars, there is no depth of perspective at all: the stars are all so 

far away that they could be the same distance, so the night sky appears effectively flat despite 

being immeasurably deep in both space and time. It is, in fact, the actual idea of spacetime in 

full view on any given evening. The bowl-like curvature comes from the effect of your full 3D 

view of a scene, as in the curvature of a sunset, since the periphery of our field of view must 

unite with the field's centre. The world does not consist of straight lines as in the 3-dimensional 

Cartesian coordinate system. Probably, the geometry of the universe is spherical on the large 

scale and locally curved, in both cases due to the effects of gravity. Again, this is something 

you can train your mind to see. 

Depth perspective effects are dynamic, and easily visible from a moving car or plane. Footage 

shot from dive-bombers under anti-aircraft fire from the ground shows one of the more 

terrifying aspects of this effect: bullets seem to accelerate as they approach from a distance, 

rising out of the gun in slow motion, scooping your stomach out as they swoop upwards and 

then blasting past your cockpit at fatal relative velocities. The nearer those bullets come, the 

same distance they travel in any second; but the apparent size of that distance increases as they 

approach, so from the pilot’s perspective the phosphorous shells seem to accelerate. 

I should emphasise that this perspective geometry interpretation of special relativity is just that, 

an interpretation, and one of many. Einstein had no idea that his special relativity would be 

reinterpreted so often and so profoundly. The standard concept of a unified spacetime was not 

his idea but one of Einstein’s old teacher's, Hermann Minkowski, and has been the best 

approach to understanding relativity ever since. This additional interpretation, based on an 

analogy to visual perspective, is one I have thought long and hard about from both viewpoints 

in my own personal development as a scientist and an artist. 

Minkowski’s idea is useful in that it provides a method for calculating the spacetime 

coordinates of events in a way which is independent of reference frame. The separation 

between any two events can be measured by a spacetime interval, which combines the simple 

geometric distances of Pythagoras’ theorem (the one about the sums of squares being equal to 

the hypotenuse) with a similarly geometric formula for time, pronounced in the negative as 
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time is seen in reverse order into the distant past. The spacetime interval between any two 

events is then the same for every observer, irrespective of their relative motion. This is 

analogous to a perspective view, in that underlying a visual perspective there is a ‘true’ form 

which can be defined geometrically or drawn in an orthogonal view. 

One of the central features of the spacetime interval is that it is always zero along the path of a 

ray of light: That is, there is no spacetime interval between the emission of a photon 

somewhere, the transmission of the photon along the ray, and the receipt of the photon 

somewhere else. In conventional space and time the events of emission, transmission and 

receipt are distinct, but in spacetime they are indistinguishable, or separated only by a zero 

interval as we now define it. The photon carries the emission event intact through space, and 

all points on its path are either the same event or a series of congruous, overlapping events 

having the same spacetime coordinates.  

The formula for the spacetime interval in some ways resembles a wave function, which is one 

of many possible links with quantum mechanics that are still not resolved as consistent theory. 

Looking at it from the quantum viewpoint, a photon is actually a quantum event, which in a 

sense is not an event at all but a jump or discontinuity in the arrangement of matter and energy. 

Light is intimately associated with matter, which carries mass and electromagnetic force 

capable of transforming into light. But the transformation occurs instantaneously, with no 

transition from one state to another, a quantum jump: In one instant there is an electron in an 

atomic orbital, in the next the electron is in another orbital and a photon is speeding away. 

There is no smoking gun, nothing that actually occurs to produce the photon; so it seems that 

a ray of light is both a single unique event occurring throughout all of its spacetime journey, 

across the visible universe, and not an event at all in the sense of a definite localised action. 

 

To understand relativity it’s worthwhile to consider some alternative points of view in relation 

to time. The first question is whether time is a literal dimension in the same sense as space, or 

is it a mathematical construct designed by human minds to allow conscious coordination of 

events which otherwise just happen of their own dynamics? Is it possible to think of phenomena 

without some dimensionalised concept of time? 

Time, according to Immanuel Kant, is an intuition or viewpoint which the mind applies to 

sensory experiences in order to make sense of them. Since there is no sensory organ designed 

to detect time as an input from the external world, it must originate inside the mind. Time is 

learned by the observation that phenomena occur in an innate order, often to a regular rhythm. 

In short, time is an action of intelligence. 

In complete contrast, time according to Isaac Newton is a mathematical construct which allows 

events in absolute space to be plotted on a chart. Newton did not consider the possibility of any 

“real” connection between space and time, rather he relied on the abstract mathematical idea 

of dimensionality, that you can plot time on an axis much as you plot space in a given direction. 

The difference is perhaps obvious: you can move in any direction on a space axis, at any speed, 

but only in one direction and with no meaningful definition of the speed of motion along that 

most independent of axes, time. 

Einstein extends and revolutionises Newton's view of time so that the mathematical axis 

becomes a physical reality, a dimension in the same sense as space, and gives some structure 

to the idea of motion (if such it is) along that axis. It's useful to contrast these two views, bearing 

in mind Kant's earlier and still relevant idea. 
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Surprisingly Newton’s idea is even more abstract than Einstein's, because an absolute axis of 

time is purely mathematical rather than a physical reality. It doesn't profess to be a real thing, 

rather it abstracts and collates events in three dimensions in a way that can be analysed, and is 

in fact just one step in the analysis.  

Even more surprisingly, although Newton’s idea of time is quite easy to understand - we move 

forward in time and plot events or time-dependent conditions on the vertical axis as per the 

familiar Cartesian geometry - it is actually impossible to unambiguously define: Time is 

understood to measure intervals between events, but only if some of those events (such as the 

ticking of clocks or mechanisms such as a pendulum) have sufficient physical regularity to 

supply a fixed universal scale to time. In other words, Newtonian time and the rhythms of 

physical processes define each other. This type of circular definition doesn't actually work, so 

despite the reassuring familiarity of Newton's idea we are no closer to understanding what 

Newtonian time really is. 

Taking Einstein's view to its logical conclusion, past and future are actual, physical, 

dimensional spaces which may be as "real" as the present moment. In some sense, outside of 

human experience, the entire history of the universe may be constant and now. Stephen 

Hawking's Brief History of Time and other writings take Feynman's sum over histories to 

suggest the formal analogy of a closed universe with beginning and end that are just two 

otherwise non-special points on its geometry, and everything that could possibly happen, 

anywhere and any when within it, mapped out as a superposition through which our own history 

uniquely navigates. It's a profoundly encompassing view, and one with many adherents in the 

physics community. 

Literature has provided some of the most convincing images of this idea. Kurt Vonnegut in 

Slaughterhouse-5 wildly envisaged time as a mountain range extending beyond sight but 

continuously existing at all its points. Madeleine L'Engel in A Wrinkle in Time explored 

spacetime as a sheet which can be folded to enable time-space travel. Inspired by Fritjof Capra, 

whose incredible book The Tao of Physics is speculative but certainly not fictional, I prefer an 

image with profound Taoist implications, not a static mountain range or a dynamic field but a 

river which is itself constantly changing. In this view the entire history of the universe could 

be something like standing waves in the continual turmoil of a broad stream that we, as small 

boat travellers, are bound to navigate as best we can.  

We could even imagine that there is a stream-bed, an analogy for the entire context in which 

physical laws are parameterised, like a Grand Theory of Everything, that is slowly changing 

according to some vast dynamic process like the slow erosion and migration of a river. Either 

way, in our own limited experience and the records of our history, the highs and lows we see 

as past events are possibly just one particular traverse of a chain of persistent waves, riffles and 

races in a continuous, ongoing, changing, and much larger reality. It's a very big idea, thank 

you Professor Capra, and Stephen Hawking, Albert Einstein, Max Planck, Lao Tzu, Kung-fu 

Tzu, and many others. 

Think of it this way: everything you can see in any instant is not actually occurring at that 

instant, even without the distorted spacetime of Einstein's relativity. It takes time for light to 

reach your eyes, so your field of view is a continuum of instants seen further back in time as 

you look into the distance. Any observable event, even a nearby event at the end of your street, 

that does not have the right combination of distance and time in that instant will not be visible 

to you as you open your letter box. If someone takes a picture at that moment, any event that 

doesn't have the right spacetime coordinates for that instant won't be there. This is not a hard 
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concept to visualise, and leads directly to the idea that our perception of simultaneity depends 

not only on distance and time but also on relative motion, or you could say distance per time.  

So it is an open question, a dilemma really, as to whether all that you see is just the light-echo 

of a past that no longer physically exists, or if the events you see continue to exist in some 

sense as persistent four-dimensional "objects" in spacetime. The first horn of the dilemma is 

not a pleasant idea, that everything you can see is no longer real but past and gone, including 

events at the tips of your fingers, how you see your own body, your friends and family; but the 

second idea is just as disturbing, that events continue to exist after or regardless of when you 

saw them, and propagate away into outer space at light speed; disturbing not least because this 

is rather difficult to grasp.  

Certainly the second horn of this dilemma has the strangest quantum implications: events 

continue to exist as they are perceived or potentially perceived at any distance, the light 

conveying quantised information as a real thing, a photon, from the atomic level past your door 

and out into space. Events in motion like this and entering your eyes as light are either absorbed 

or reflected: if reflected, they add to your own visibility; if absorbed they add to your thermal-

molecular state and the information you possess: in either case you become entangled in their 

state, so whether you can understand or even perceive your observations, you cannot be 

independent of events occurring around you. 

Whether events persist or not, at the subatomic level they do not just hang around but quantum-

leap into distance at the speed of light as a superposition of states. Most significantly, in 

spacetime (as opposed to space and time) they don't move at all, since by definition a photon's 

motion traverses a zero spacetime interval.  

Photons are the only quanta we know of that are like this, in a strict sense motionless in 

spacetime, so IF in fact events do persist as real, localised "objects" in the four-dimensional 

sense, they do so because their light travels, at light-speed, in spacetime.  

So again either way, in both scientifically verifiable and philosophically expansive senses, we 

can say that light (or any electromagnetic radiation) is the four-dimensional universe of the 

past still existing. I'd say this is a valid interpretation of the evidence of our eyes and a 

reassuring resolution of the dilemma, even if doesn't actually help much. 

Can we also say that the universe of the future exists in this sense? Again, you can't think in 

terms of space and time, but in spacetime the answer could be yes. It's not the future we should 

be looking for, but the space-future, the region of spacetime where the time coordinates are in 

advance of ours but where the space coordinates are outside the range of light in an expanding 

universe and so can never be visible to us. There certainly could be circumstances in which 

parallel universes could be ahead of other universes in time. We haven't got to parallel 

universes yet, so hold that thought. 

 

Pressed into a corner by these competing indefinables and incomprehensibles, common sense 

and science alike might argue that time is just a tendency for change. Change exists in physical 

processes themselves, and in measuring time we are really using the changes in one standard 

set of processes (a clock) to measure the changes in any other. Viewed this way, time as a 

physical dimension is unnecessary. All that is required is the fact of change. This fits more 

closely with a quantum mechanical viewpoint, but has in fact been recently challenged by 

experiment (Genovese at al., also in New Scientist December 2013) under the unique 

constraints of quantum theory: under different assumptions we have a world which is dynamic 

only because of the superposition of states and entanglement of particles within linked states, 
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but which might in fact appear static and eternally unchanging to an observer from outside the 

universe.  

This makes sense, kind of: such an observer would need a supreme objectivity to observe the 

universe without changing it, ie to not be engaged in the same entanglement. But this is 

fundamentally precluded by quantum mechanics, so naturally the result would be "no change". 

These and other difficult ideas are explored and expanded (in a vein far more serious than these 

simplistic analogies) by Julian Barbour in The End of Time. 

The idea of time as change explains one very salient point which makes little sense in a literally 

dimensional view of time. In a dimensional spacetime, the direction of time is problematic, 

with or without a view of the universe as having fixed or "real" past, present and future. Why 

do we move only "forward" in time but any direction we want in space?  

There is nothing in the laws of physics to say that actions must always proceed forwards, no 

reason why towers necessarily fall as time marches on. It could equally be the other way around 

in the same consistent systems of equations. The best explanation for why things always do 

evolve or decay, in the way they do, relies on thermodynamics, an equally fundamental theory 

emergent from the inherent randomness of most natural forms of motion. We see a universe 

evolving and changing as it dynamically can, but limited by laws of probability relating to the 

movement of energy: It is far more likely for disorder to develop from order because there are 

so many more accidental combinations that are disorderly, random, than the converse.  

So, all the vast and potent concentrations of energy in the Big Bang have ever since been in a 

process of dissipation by just wandering off on their own dynamics. This rising disorder of heat 

and dust inexorably passes through evolutionary stages as phenomena channel the movement 

of energy on an ultimately degrading pathway, creating local order at the cost of a much larger 

universal disorder: galaxy and star formation, planet formation, the evolution and course of 

life, and ultimately death in a failing star or in the uniform low temperature heat bath of a 

"dead" (in fact highly evolved) universe.  

"Forward in time" is thus not a privileged or absolute direction, just the most likely by 

overwhelming odds. We see structures of incredible complexity and order emerging, as well 

as a rising universal dissipation easily visible in the microwave background radiation. Both 

randomness and order move forward, but the randomness always outweighs the order and in 

fact drives all developmental progress forward as energy flows outwards and dies away. This 

goes straight to the very idea of change and does not require a literally dimensional spacetime; 

in fact that whole approach doesn't work when you try it out on the "direction" of time. 

 

It is a commonly-reported experience among those who spend much time contemplating these 

ideas, that one starts to question the actual existence of time. It's easy to be troubled by an 

inability to understand what time really is, given its centrality to our very existence; it can seem 

personally important and not just an abstract philosophical problem. Relativity makes this an 

even more serious conundrum, since if we don't understand time we also don't understand 

space. And it's true, no-one can claim to be able to visualise spacetime. But here the alternative 

of a retreat to the idea that time doesn't exist, all there is is change, does not seem to help, 

because if time doesn't exist, then neither does space. 

We may simply be the victims of a persistent confusion of categories that has been part of our 

thinking since at least Greek times. Instead of time, we should perhaps think of duration, how 

long things typically take to happen, such as the dripping of a particular water clock or the 

swinging of a pendulum of given length. Even the half-life of a virtual particle could be a 
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measure of the relativistic effects on duration, but this is not necessarily a distortion of time, 

just an increase in duration. Duration implies changing phenomena, but not time necessarily as 

a dimension.  

Similarly instead of space we can think of extension, that is length, area, volume, and the fact 

that things fit together and have their own finite place. Things typically are certain measurable 

lengths, or are separated to occur over certain distances, or are relatively contracted and 

constricted in moving reference frames. So extension also implies phenomena that can change, 

but this does not necessarily define space as a dimension.  

The nagging question is, if space is not a dimension (or three), then what is it?  

We could say that there is a capacity for phenomena of given sizes to occur in certain durations, 

and to be separated from other phenomena by measurable amounts of distance and duration. 

It's clearly a convenient shortcut to talk about space and time! But none of the relative measures 

of extension and duration require or define the existence of spacetime dimensions as such. It's 

a useful comparison, and that's all. It may be that we imagine them as spacetime dimensions 

only because that easy mathematical description has so invaded our thinking that we can't think 

of it any other way. 

The idea of time as change is most seriously challenged by the essential and indeed 

experimental fact, that relativistic distortions occur in a specific space-temporal geometry. 

Change processes and phenomena are not fixed but depend on the reference frame, relative 

velocities and the presence of mass. The basic geometry of this immediately implies a 

relativistic physical-dimensional aspect to time, exactly as described by Minkowski's 

spacetime.  

If spacetime is not dimensional, why does it behave that way, or at least why do its mathematics 

look dimensional? And why is this always of such central and problematic importance? The 

Wheeler-De Witt equation of the 1960s for example, a celebrated early attempt at the 

quantisation of general relativity, failed as it required the mathematical elimination of time 

altogether and described essentially a static universe, contrary to direct experience. It is partly 

in an attempt to explain this static result that quantum entanglement is different from "inside" 

and "outside" the universe, as if that helps! 

 

It would be wrong to write this as if it is in any way settled knowledge. In particular the 

quantum and relativistic descriptions as they are currently understood do not agree and it is 

becoming likely that they cannot be made to. Despite centuries of work and the most recent 

creative scientific thinking in history, there is no viable candidate for a grand unified theory 

and it is starting to seem that relativistic gravity probably cannot be quantized. At an 

experimental level, there is no direct evidence for the existence of the associated particle of 

gravitational waves, the graviton, despite measurements in the last decade that are sensitive 

enough to detect their influence as expected in theory. (2016 update: Gravity waves have been 

detected! Some of the following hazarded philosophical guesses about the nature of gravitation 

as an aspect of the observation problem are accordingly discountable, representing only the 

strange alternative if gravitational waves did not exist!) 

The best current evidence is that gravitons must exist, but it may well be that they cannot be 

detected in the sense of direct observation of particle or matter wave actions. The detection of 

gravitational waves is a confirmation of general relativity and a triumph for science generally, 

but the failure to directly detect the corresponding particles in their theoretically known and 
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now confirmed energies is a problem which in fact has all the hallmarks of the observation 

problem. This is the reason why I've focused on that main point in this essay. 

Undoubtedly, most serious researchers in this field now acknowledge that some unknown but 

different approach is needed if we are going to move our understanding forward. 

Let me again make an analogy from my background in fluid mechanics: the behaviour of ocean 

waves depends on scaling effects such as how a wave's height effects its speed over the water, 

so that waves and in fact almost anything that moves in classical physics have a time-scaling 

effect. You can see this when you catch an old Godzilla movie, where the action is filmed in 

slow-motion in a scale model city with a wave-tank harbour: the man in the Godzilla suit moves 

with a slow, ponderous weight that provides the illusion of hugeness, and the model ships rock 

on model waves which have become slow and ship-destroying in their apparently huge weight.   

By filming a small pendulum or wave and slowing down the film, the appearance of a large, 

ponderous object can be simulated. A mathematical technique called dimensional analysis 

(dimensional in the sense of measurement units and scale or size) can be used to analyse the 

time-scaling ratios between wave phenomena, to model ocean structures as well as to provide 

gigantic effects in cheap monster movies. This technique does not need a variable dimension 

of time; time scaling is simply the ratio of rates of change relative to a constant parametric time 

at different scales. 

This time distortion effect is pretty much exactly what you would see if you could observe an 

astronaut zooming past at near the speed of light, where his motion is slowed by special 

relativity; but classical wave mechanics can be calculated without invoking time as a legitimate 

dimension, or that it is distorted by physical action; instead time in this method is a linear 

mathematical variable or parameter as in the Newtonian absolute space worldview. This simple 

parametric time is not distorted by wave scaling or any other effect, rather the scaling effects 

are visible in how things change at different scales, essentially the empirical fact that small and 

large objects operate at different rates of change: A short pendulum swings more slowly but 

with higher frequency than a long one; a small wave moves proportionally slower than a large 

one, but appears less ponderous, more “quick”, due to its smaller size. These effects depend on 

the gravitational field, so they are astrophysical variables already linked to the problem of 

quantum gravity. Without changing the mathematics of relativity, the dimensional scaling 

effects in special and general relativity could be just that. 

The point is, physical processes not only change, but change at variable rates even in the 

ordinary physics of clocks and bathtubs, as determined by physical scales such as velocity and 

mass (as in relativity) or size (as in fluid mechanics). We are able to define variable change 

processes purely in terms of other change processes. Time as a variable physical dimension is 

not necessary for this to work mathematically. 

Again, it needs to be stressed that this is just another interpretation of the mathematical theory 

underlying relativity, but possibly a useful one: the apparent geometry of spacetime may reflect 

an innate flexibility for processes to change as a function of velocity and mass, not because of 

any underlying geometry of spacetime but because the scaling of size and mass is the essential 

physics of relative velocity, effecting the rates at which change processes occur. This concept 

is attractive in that it would be inherently easier to unify with quantum mechanics, with the 

focus on the properties and behaviour of particles and the processes they undergo. 

The key to such a unification might be to include a relativistic scaling of time and space in the 

quantization of particles. The superposition of states and probabilistic distribution  of a wide 

range of position vs momentum solutions should include a distribution of spacetime intervals 
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within a particle's waveform. As quanta exist in a superposition of states, so they may evolve 

at a superposition of rates, as measured in dimensionalised time dilations. Different aspects of 

a particle move at a distribution of relativistic velocities, up to and including light speed, and 

hence each particle is subject to a range of time-dilation and space-contraction effects. They 

may exist at different ages of the universe, having moved at different relativistic velocities in 

superposition throughout all time. 

Michael Brooks' new book At the Edge of Uncertainty (see New Scientist, January 2015) draws 

together a number of recent developments in quantum relativity, including contributions by the 

great Roger Penrose. What really stands out is the idea that time dilation as a quantum 

superposition should be measurable in the effects of interference, such as in double slit 

experiments, and would strongly constrain alternative theories of quantum gravity where 

gravitational time distortions are also important. 

 

The argument may come down in large part to finding out what we want the answer to be 

capable of. Computers can calculate relativistic effects without requiring an interpretative 

framework, and will probably go on calculating in the same way even after the next great 

scientific revolution comes, plus whatever new methods the revolution brings. Human beings, 

however, are in a different class to computers, being capable of intuitive reasoning to find 

solutions even when there is no method for doing so. Galileo’s intuition of the need for constant 

physical laws in all reference frames, the root of relativity, is an example: Without a well-

founded and universally consistent interpretation of science, such insights are much harder to 

achieve, but once Galileo had the inspiration to see classical relativity as an essential, 

foundation idea, the world began to open to the inquiries of his mind. 

The capacity for insightful, intuitive reasoning, and other influences of consciousness on the 

scientific and experimental process, are important enough to warrant a closer examination. A 

good place to start is with some old philosophical arguments of mind and consciousness, 

particularly those relating to the idea of free will (if it exists) and our undeniable human 

capacity for creative originality. 

∞ 
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t’s a common enough habit to think in terms of objective, external reality, as if it is separate 

from oneself or one’s thoughts. This may not necessarily be the case. I personally believe in 

an external reality but I also know that the distinction between subject and object is not properly 

understood. Just as there is no boundary between an object and the space surrounding it, there 

is no boundary between an observer and the observed. There can be any amount of distance 

and time between them, but the transformation of photons across that gap has a zero spacetime 

interval so an event and its direct observation by light are either not actually separate events, 

or they are events at the same coordinate location, not distinct even if they are distinguishable. 

Consciousness may be a form of random fluctuation into a highly organised state. This could 

have only vanishingly small probability, but in the near-infinite time available in an old 

universe, it would be more or less inevitable. Ludwig Boltzmann introduced a paradox into 

thermodynamics by suggesting (with rough calculation) that it is more likely for consciousness 

to evolve spontaneously within a random thermal “soup” in an interstellar molecular cloud than 

as pinnacle organic products of an organised, evolving environment such as the planet Earth. 

It has to be asked just how likely Boltzmann considered the evolution of a life-rich planet to 

be, under the combined effects of gravity and electromagnetic chemistry, but it would have to 

be highly likely at any latter time and hence arguably inevitable. The evidence of exoplanet 

surveys so far seems to support this. Some researchers have suggested that the probable 

impossibility of so-called Boltzmann brains places natural limits on the structure of candidate 

cosmologies (Carroll, arXiv.org/abs/1702.00850). 

Perception is not well understood: What we perceive as an external world is really a complex 

of signals in the brain, acting as quantum events presumably, which originate in response to 

sensory input. Neuroscience gives only an incomplete picture of mental function and cannot 

strictly locate a boundary where reality ends and mind begins, only that the sensory organs and 

brain are physical entities alongside the many other entities in the world that they perceive. 

Nevertheless it’s sufficient to say that the brain exists in the world, that our thoughts are of the 

world in which we live, and hence that there really is a world of which we are a part. The world 

is external to us, but not necessarily separate from us. Between observer and observed there is 

a continuous reality, of which both are made and in which they are distinguishable, but not 

necessarily distinct. 

This simple picture is no help when it comes to the question of free will. It should be self-

evident that conscious organisms, in particular humans, are capable of exercising choice in 

everything they do: but the question remains, even with the benefit of modern neuroscience, 

exactly how do we exert our will? We could say by definition that the mind exercises choice, 

but is the mind a product of the brain, which is part of the physical world, or is it to some extent 

independent of the brain? If the mind is purely a product of the brain, that is of quantum events 

and signals within the neural cortex, then free will would be a product of the behaviour of 

purely physical matter and processes.  

It is a basic tenet of science that the laws that govern living matter are the same as those for 

dead matter plus a certain threshold of self-organisation. So if human beings have free will, 

then so too do electrons and that surely must confer free will upon everything. 

I 
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It may not be possible for the human brain to fully understand itself. Reported in New Scientist 

recently, Noson Yanofsky in The Outer Limits of Reason deftly incises the main problem of 

this most speculative frontier of neuroscience: "In thinking about thinking we have to use 

thought". There are some things which simply cannot be understood; but I will follow Fritjof 

Capra, who pointed out that deep truths can be perceived even when they cannot be understood, 

so we should be able to make descriptive statements about them, at least what they might look 

like. 

The trouble is, the brain is at one level simply a complex organic but physical mechanism, 

which works by an integrated mutual stimulation of neurons with complicated feedback 

systems that maintain an ongoing cycle of conscious and subconscious thought. Some aspects 

of the process are hardwired into the brain, while others are learned, but still the brain is a 

physical object no matter how complex. Some artificial intelligence researchers believe that 

this complexity could in principle be replicated in quantum computers, which would result in 

a machine capable of exercising subjective choice, expressing emotions, reacting to sensations, 

telling jokes and carrying on conversations. We would not be able to tell it from a human mind. 

The truth, fortunately, is that this cannot be the case, and not just because of the fragility of 

superposition states in the current most promising generation of quantumputers. It's more 

fundamental than technology, it is in fact a basic limitation on any type of technology. Early in 

the development of computer science it was realised that computing machines cannot replicate 

the human mind’s capability for intuition or insight. This was proved by Kurt Gödel, later a 

good friend of Einstein.  

Gödel's theorem (1931) is famous for its mathematical proof that some definably true 

statements within a logical or mathematical system cannot be proven to be true by any logical 

procedure (such as the type carried out by computation) from within the system. A critical 

reader can judge that some truths are self-evident, even if they cannot be proven to be true. 

Gödel's theorem is of this type, a proof of disprovability that inspires the imagination with a 

self-referential regress to infinity, then returns with this very profound conclusion. 

Its not easy to translate this advanced mathematical-logical proof into plain language - see for 

example Roger Penrose's immense book, The Emperor's New Mind. If it is possible for us to 

arrive at the truth of a statement for which there is no proof, then that level of reasoning, call it 

intuition or insight, represents a fundamental mathematical "truthiness" of mind as an emergent 

aspect of brain. Mathematics represents the basic structure and language of reality so it seems 

that there is, built into the way the universe works, a capacity for leaps of knowledge that are 

distinct from ordinary logic, reason or empirical learning. 

Take for example the sentence “There is no proof that this sentence is true”: The sentence must 

be true, otherwise there would be a proof that it is true, which would make it false. The truth 

of the sentence is self-evident, but there is no procedure that could be employed by a computer 

to prove it. Hence a human mind can see that it is true, where a computer would be stuck. This 

is a trivial paradox, the inverse of a "all Cretans are liars" puzzle, but it is conceptually similar 

to the rigorous mathematical argument that Gödel used. These and related ideas are discussed 

by Douglas Hofstaedter in his amazing work Gödel, Escher, Bach. 

The most important point is that insight or intuition is almost invariably found at the very centre 

of all great human discoveries, in leaps of imagination and flashes of inspiration. Insight is the 

principal component of what we may define as mind; without it, no mechanism can truly be 

said to be "thinking". The hope of quantum computing is that we will defy Gödel's theorem by 
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setting a computation mechanism to include all possible answers, including the correct one, 

which is then the only solution that is detected when the superposition collapses. Intuition 

would then be identified as a quantum effect and the neurology of the brain explained in terms 

of fundamental particle behaviour. But we're not there yet, and Gödel's theorem stands against 

it. 

 

So, we have two alternative points of view. Either the brain is not simply a mechanism, or the 

mind is not simply a product of the brain. Both alternatives are interesting enough to warrant a 

closer look. 

The second idea, that the mind is a soul, ie something more than just the product of organic 

physical action, deserves religious respect (regardless of Richard Dawkins): Most scientists are 

not without faith, and I for one am perfectly prepared to accept that there is a soul or life-force 

which inhabits the body, engages with the brain, lives a life and departs at death. The only 

question that matters is, can neuroscience ultimately explain the higher aspects of mental 

function, such as decision making, emotion, dreaming, so that we have an alternative to the 

explanations that the idea of a soul so compellingly provides? Leading neuroscientists such as 

Patricia Churchman (read Touching a Nerve) need no "soul" as a cognitive construct and 

require no special "free will" rule to explain either rational or irrational decisions in ordinary 

human behaviour. However the same authors admit that almost all the questions about higher 

consciousness and its relations to unconscious mental or neural states remain unanswered. 

One explanation, as an induction from the facts, is that the neurology of the brain and its 

expression as neural signal correlations is created in a process of morphogenesis or body 

development, so as an individual grows, learns and as cognitive association structures develop 

in the brain, there gradually develops a high degree of learned fluency giving the illusion of 

conscious free will. This is related to the idea of teleology, or goal-centred evolution, which is 

a controversial, some would say unprovable theory (Richard Dawkins in The Blind 

Watchmaker) guided by morphogenetic expression of individual, group and species goals or 

even aspirations, as well as natural selection. Our minds appear to develop to a large degree 

because of what we want to know and our desire to achieve things, predicated on our aptitudes 

or best-developed complexes of the whole conscious and unconscious mind, as it promotes our 

survival as physical entities with a complex biology of needs, regardless of our supposed free 

will. 

The alternative idea, that the brain is more than just any type of mechanism, however complex, 

organic-physical or chaotic-emergent, is a starting point for the idea of quantum consciousness. 

It is now (since Gödel) apparent that original thought cannot be a by-product of the kind of rote 

procedures that even neural network (learning) programs in modern computers follow. A set 

of changing network connections can replicate and even predict a changing situation such as a 

business or betting environment, but the real world environment invariably develops 

originalities that cannot be simply connected from the existing structure. As in biological 

evolution, new things appear, in proximity to but disjunct from the existing landscape. 

Ultimately neural networks fail because they lack the ability to make intuitive leaps into new 

territory other than as lucky best guesses. Learning systems such as neural networks invariably 

fail in the medium term if not carefully maintained, and even then tend to ossify and lose 

effectiveness in the long term. 

Human children, and humans in general, appear to be at the other end of an evolutionary 

process: we can easily connect entirely new ideas with previous ones by making exactly the 

sort of intuitive leaps that Gödel's theorem rules out for ordinary logical systems. Complex 
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programming, even interactive programming at any high level of known or unknown future 

mathematics, is not enough to generate the same degree of learning that human beings are 

naturally, biologically capable of. Gödel shows that computer processing cannot replicate the 

insight and originality of even the most ordinary human mental processing.  

So it is not “free will” that challenges neuroscience, but the quantum leap of any new or original 

idea. 

 

The human mind is not merely complex, it is conscious and has an interplay between conscious 

and unconscious levels that seems to provide for insight. New ideas come from a deeper level 

that is urged on by a conscious desire to learn and empower ourselves. This may confer an 

unconscious, arguably teleological ability to make extraordinary new connections on the 

strength of our own personal motives, which are fundamental to our sense of identity. 

Consciousness, and its mental anti-state (if we can call it that) unconsciousness, are difficult to 

define; most definitions turn out to be cyclic and could easily include some types of computer 

behaviour. The simplest way to define it is to look into yourself and say “I am conscious”. Of 

course this doesn’t help us to recognise consciousness in others or to test it in computers, but 

it immediately highlights the most important feature of consciousness, which is self-awareness, 

the capacity to apply some thoughts to oneself and to recognise one’s own identity. 

Daniel Bor in New Scientist (May 2013) notes that the three brain areas implicated in 

consciousness – the thalamus, lateral prefrontal cortex and posterior parietal cortex – have more 

connections to each other and to elsewhere in the brain, than any other region. This 

connectedness suggests that consciousness and self-awareness are among the most highly 

coordinated and synchronised of all mental functions as a product of biological evolution. Self-

awareness is thus an adaptive mechanism: it promotes survival and passes itself on to 

successive generations. 

Self-awareness is a special case of a type of behaviour known as self-reference, which is more 

general in that it occurs in both living and non-living systems, including purely mathematical 

systems. Cyclic chemical reactions such as the Belousov–Zhabotinsky reaction look more like 

a magic paisley necktie than anything like life, but by engaging in local feedback the atoms do 

something far more interesting than simply exploding or combining into new compounds. 

Gödel's theorem is another example: The power of saying “There is no proof that this sentence 

is true” lies in the fact that it refers to itself. The apparent triviality of the statement is there for 

the same reason, since as it only refers to itself it could be taken as inconsequential, except that 

it is a simulacrum of how mind and identity work. We constantly affirm and guide ourselves 

by introspection, the recognition of ourselves as valid and real. It's so trivial, it's fundamental. 

A related, plausibly meaningless sentence is “This sentence is false” – but think about it: if the 

sentence is false, it is false that it is false, hence it is true, and so on into paradox. Similarly the 

mathematics of chaos theory are built on recursive formulas, simple equations which are 

performed over and over again using each output solution as an input to the next repetition, 

resulting in patterns of literally limitless complexity. In nature, feedback systems regulate the 

weather, plate tectonics, and biological processes as just a few examples. See Ian Thomas’ 

excellent book Does God Play Dice? or James Gleick's Chaos. 

The main features of self-referring systems are thus their ability to generate extremely complex 

patterns from simple inputs, and to sidestep logic and create either paradox or insightful truth. 

These are features as much of the abstract ideas of Gödel's theorem and chaos theory as they 
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are of natural systems and organic life forms. Complexity and originality, it seems, can occur 

in “dead” systems as well as in living. 

But a contradiction has arisen here: On the one hand Gödel's theorem, a self-referential system, 

shows that computers cannot think. On the other hand, self-referential systems in general can 

produce structures of limitless complexity and originality even in non-living matter, the 

implication being that the mind as a self-aware system does exactly that to produce original 

thought. But which is correct? 

This essay does not intend to try to solve the paradox, other than to say that paradox itself is 

possibly to some extent necessary for complexity to evolve. The real question comes down to 

whether the mind becomes self-aware before real thought occurs or vice versa, a chicken-and-

egg paradox which can only be answered by morphogenesis and some type of teleological 

evolution. These ideas and more are explored from a biological perspective by Edward O. 

Wilson in his tour-de-force scope-out of the sum of human knowledge, published as 

Consilience. 

 

It may help to have a mental image of self-awareness. The following illustration returns to the 

question of objective, external reality and examines how the mind and the external world can 

mutually influence each other, taking more or less seriously the question of whether the mind 

exists in the world, or vice versa, or both. It is a timely reminder that we should not try to judge 

these matters using conventional common sense, and that the world really is stranger than it 

seems. 

Mental states and neurological activity are complementary in that each causes the other. A 

mental state can be seen as the synergistic total of all neuron actions in the brain at a particular 

time, actualised as thought. In turn, thought is capable of forming conclusions or emotions 

which actualise as a new set of neuron actions. Let’s say, for example, that a thought occurs to 

you; you make a decision; and you instruct your body to get up and grab your keys. It happens 

every day, but how? 

At one level, the mind’s ability to direct neurological activity is no less remarkable than Uri 

Geller’s apparent ability to bend forks by telekinesis: Electrical signals in the brain are merely 

physical phenomena, so the mind’s control over them could thus be described as a form of 

mind over matter. How does the mind create a neurological state? How does it direct the 

electrons on their paths? If we take the view that the mind is not simply subject to deterministic 

physical laws, how does it reach into the brain to drive electrical and chemical energies along 

each train of thought? If on the other hand it is simply a product of deterministic physical laws, 

where does the capacity for free will, as an application of creative originality, come from? 

The old philosophical argument between an objective external reality and a subjective or 

imaginary internal reality is a kind of dilemma – you can’t resolve it either way, and both ways 

are equally abhorrent: If the mind is entirely determined by the brain, our sense of free will is 

an illusion and the universe a trap. If, however, the world is entirely in the mind, then the 

random events that bring chance into our lives are a self-centred, meaningless dream.  

As with all dilemmas, the trick is to leap between the horns and recognise that there must be a 

combination of both free will and determinism going on. One way to picture it is to imagine 

yourself looking into a mirror. The mirror represents your physical mental state, including an 

image of yourself and of your immediate surroundings. The person looking into the mirror 

represents your conscious mental state, of which your physical mental state is a reflection. 
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But wait, isn’t it the other way around? Surely the conscious mental state is a reflection of the 

physical, as the mind is a product of the brain. But then again, aren’t subsequent physical 

mental states a reflection of your thoughts? Which way around is this mirror? 

In fact a better analogy is to imagine two mirrors facing each other, in which an image of 

yourself and your surroundings is projected and reflected in a loop, ad infinitum. Try it with 

two mirrors if you haven’t done this before. The resulting infinity phenomenon powerfully 

illustrates the idea that physical and conscious mental states are complementary and introduces 

an even more powerful form of self-reference, a feedback loop: Complexity and originality 

result from feedback cycling between the two forms of mental state, resulting in the capacity 

for reasoning and decision, free will or at least undeniably original creativity.  

The fact that we can’t tell which mirror is which reflects the fact that we can’t say whether the 

world is real or only imaginary. In fact, it is both: Mind and reality create each other. 

This holistic idea has been explored from many different angles, from the spiritual to the neuro-

psychological to the quantum-mechanical. It may have reached an apogee in the collaboration 

of David Bohm, a particle physicist and Karl Pribram, a neuropsychologist. Working very 

originally from different disciplinary perspectives, these two respected but controversial 

scientists (both were authors of leading textbooks of the day, and both stood up against the 

establishment politics of the cold war and the mores of that era) came independently to the 

conclusion that the universe / the mind could be understood in terms of a delocalisation of 

information and an encoding of reality in holistic mental and physical complexes analogous to 

the newly-discovered hologram; a near-magical technology that produces 3-dimensional 

images by refocusing a laser interference pattern.  

A hologram encodes an image by storing part of the information in every pixel of a 

photographic plate. You can cut a hologram in half and it still reproduces the whole image, 

with some loss of resolution. You can store many images on one plate, and realise them in turn 

by illuminating or looking at them from different directions. Pribram realised that the storage 

of memories in the brain has a similar pattern, there being no particular neural structure that 

loses any particular memory in cases of brain damage. Bohm’s theory was implicated (pun 

intended) in the development of high-speed experimental research into quantum entanglement, 

culminating in Alain Aspect’s 1982 test of Bell’s theorem, establishing conclusively that there 

are no “hidden variables” (like the hand of Monty Hall) underlying the probability distributions 

of quantum physics. Because of this, there must exist non-local connections – now known as 

entanglements – between particles at great distances, so long as they have some point of 

connection, possibly even in the future. This is undeniably holographic. 

Pribram and Bohm have inspired the extreme horizons of scientific thinking, and unfortunately 

excited the mystical circles that lie just outside it, which since the 1960s have had a powerful 

popular voice. It’s hard to distinguish the mystical from the peer-reviewed data of this field, 

and in fact I’ve been reluctant to mention it. If I was a true devotee, that’s where I would have 

started. I know of no other philosophical treatise on neurophysics that relegates them to just a 

few paragraphs in the middle, and I hope that can be seen as a respectful place to put them. 

Another way of looking at the hypothetical interplay of mind and cosmos can be found in a 

cosmological principle known as the Strong Anthropic Principle, which states that the universe 

has a combination of parameters most favourable to the type of chemistry and physics we need 

for intelligent life to evolve, hence we only observe such a universe of this unique type because 

it allows us to exist. This idea has a corollary in what I will call the Strong Identity Principle: 

individual consciousnesses observe themselves to be part of a world capable of life, intelligence 
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and introspection. Such a world creates and re-creates itself partly through actions of self-

observation or feedback. 

Organic life becomes possible at a certain threshold level of complexity, such as the presence 

of complex chemicals and a warm physical environment. From that point on a separate process 

of evolution, natural selection, becomes operative as an overlay of the purely physical form of 

evolution. Many (if not all) evolved forms seem to imply a direction of intention, as though the 

final form is already present and is not simply realised by natural selection but striven towards 

by the goals of survival and advancement of species. This kind of teleological evolution or 

morphogenesis could arise as a logical consequence of quantum mechanics, in that the 

cosmological wave function contains the genetic blueprint for all possible organisms, which 

are then brought out by fitness, chance, and quantum-creative choice. 

 

There may be a temptation to take the statement "mind and reality create each other" either too 

seriously or to reject it out of hand. As with all of this, we have to realise that science is a 

human endeavour to understand nature, and as such is like a plum pudding of hard 

incontrovertible facts in a matrix of changing paradigms – you have to stick in your thumb to 

pull out the plums. There is some point in all statements of scientific principle, but knowledge 

changes and is never absolute. 

Mind and reality create each other in a limited, partial and probably indefinable way. The grey 

matter interacts with the mind in a feedback loop, but the brain is not just a lump of physical 

material arranged in a particularly organised way, it is a self-creating system. Mind and brain 

evolve together, in a species over the long ages of evolutionary time and in individuals over 

the short span from conception to maturity. A similar evolution might be required for the 

development of mind technology, to build formative links between the two complimentary 

states. What form would these links need to take? 

The interaction between neurological activity and mental activity must take the form of an 

ongoing selective observation of particular aspects of a complex of quantum wave functions 

which are a superposition of many mental states. The selection is to some extent unconscious, 

as the thought process of the best decision-making, that is creative will, is only partly conscious. 

Other aspects are selected more or less unconsciously or subconsciously, through habit, instinct 

or the complex of personality. A third class of mental activity, probably the largest, is purely 

reflexive: the heart beats, the lungs breathe, and the body is maintained as a living organism; 

but these reflexive actions are also guided by a selection process. Life could not occur in a 

purely deterministic system, even given the metaphysical complexities of the quantum world. 

The interaction between the huge number of neurons in the brain provides an enormous variety 

of potential states for the mind to select from. It is this complexity that enables us to finally say 

what the mind might be: The total electrochemical field of the brain, built on a self-referential 

matrix of individual and superposed quantum signals, which derives consciousness from the 

sheer limitless complexity and originality that such systems can generate through self-

replication, as well as a capacity for reflective insight into otherwise incomputable ideas 

deriving from the superposition and resolution (i.e. collapse) of our extended quantum 

components.  

Conscious mental activity, as a synergistic total (i.e. more than the sum of its parts) sits above 

purely physical mental activity; but because it has the same electrochemical nature as the brain 

it is able to ‘reach in’ and manipulate subsequent mental states according to the selective 
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observation of previous ones. I think this was E.O. Wilson's idea, or he certainly talked about 

it. 

An even deeper interpretation is that the mind does not create subsequent mental states at all; 

instead, all possible mental states continually exist in superposition, and the mind simply 

actualises them as required by insight, instinct or any other psychology that meets one's own 

needs. The mind in this view is like a little boat effortlessly (in fact teleologically) navigating 

the waves of a topological ocean of potential thought. This I think is from Richard Dawkins. 

Again, it is tempting to take these thoughts either too seriously or not at all. It’s important to 

realise that reality is whatever we think it is, with the frequent intrusion of mental illness, 

induced states of semi- or quasi-consciousness, errors of judgement and good old self-delusion, 

among all the other considerable leeways we seem to find around truth. In principle, these ideas 

should apply not only to quantum mechanical experiments but to everyday life and further out 

into the larger reality of the biosphere, solar system, galaxy and universe in which we live. 

So now that we have nearly all the ingredients we need for a look at quantum cosmology, it 

makes sense to remember that it may all be in the mind after all. 

∞ 
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he best place to think about the universe is in the comfort of your own home, but to keep 

this discussion under controlled conditions, let’s start with a quantum mechanical 

laboratory actually conducting one of the most bizarre thought experiments of modern science, 

recently attempted at the scale of not a cat, but a virus. 

Quantum mechanics holds that a wave function in an experiment does not resolve into an 

outcome until the experiment is observed. A thought experiment known universally as 

Schrödinger's Cat is commonly used to illustrate this doctrine: Imagine a closed box containing 

a geiger counter and a small quantity of radioactive material. If a nucleus in the radioactive 

material decays, the geiger counter will be triggered and a result “yes” will be registered. If no 

decay occurs, the detector remains in the state “no”. 

The state of a nucleus in the radioactive material can be described by a wave function, which 

evolves with time into a state of increasing probability that decay has occurred. After about 

five minutes the box is opened and a research scientist looks in to see if the counter has 

registered a decay event. At that moment, according to quantum mechanics, the wave function 

collapses into either a “yes” or a “no” state, but before that moment the wave function is a 

superposition of both yes and no. 

Now imagine that a canister of poisonous gas is attached to the geiger counter, and a cat is 

placed with it inside the box. If decay occurs, the canister releases the gas and the cat is killed. 

If not, the cat survives. Quantum mechanics maintains that not only the nucleus, but the geiger 

counter, the canister and the cat are in an evolving superposition of all possible states. So until 

the box is opened, the cat is both alive and dead! 

This somewhat cruel thought experiment has become a parable of the quantum revolution and 

introduces a link between the subatomic and the wider macroscopic world: If we consider a 

wave function which includes not only the box and its contents but the entire laboratory, then 

the lab supervisor (who is tied down with paperwork at present) must imagine the entire system 

of box, cat and researcher to be in a state of superposition – the cat is both alive and dead, and 

the researcher has recorded both outcomes, purely according to probability. Even when the lab 

supervisor is informed, the wider scientific community (who await with bated breath the 

outcome of this seminal experiment) continue to see the entire department in an unresolved 

state, with all possible outcomes of the experiment in a state of superposition. Physics 

conventions at which major discoveries are to be announced, such as the recent detection of 

the Higgs boson, are often a frisson of partly serious anticipation of the collapse of a wave 

function in which they are themselves fundamentally involved. 

This live-dead cat experiment, which since the 1950s has never been more than a thought 

experiment, has recently (Romero-Isart, in New Scientist December 2013) been performed in 

actual labwork on individual viruses -  organisms small enough to exist in vacuum and hence 

able to be isolated from interactions with the molecular environment. In this experiment viruses 

were cooled and placed in a state of superposition with two entirely different vibration-rotation 

modes triggered by the impact of single photons which were both reflected and refracted by 

each individual virus. The resulting superposition state is real and measurable, as much so as 

an electron's ability to pass through both slits and be measured as doing so.  

T 
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The state depends critically on isolation from the environment, so that the viruses are not only 

unobserved but undisturbed as the superposition emerges and is measured by the probability 

distribution of a large number of viruses. This distribution can be extended out to a wider world 

as the disturbances of the environment at any level are enfolded in the quantum state. In 

principle we can apply it to the outcome of any quantum event: so with no limit on the scale of 

the imaginary box within which an event occurs, or on the type of event that occurs, we can 

widen our view to include the entire universe and all possible events. 

It's a stretch of the imagination, but it's also an induction on more than one level and actually 

stands up well to both argument and experiment, so it has to be taken seriously. What does it 

mean? Just this: By definition, there are no observers standing ‘outside the universe’ who could 

look in and cause the total wave function to collapse; hence at the largest possible scale all 

things remain in an unresolved superposition of all their possible outcomes, and have done so 

since the beginning of time. 

This type of quantum cosmology is similar to the hyper-reality described by Stephen Hawking 

based on Richard Feynman's ‘sum over histories’. It is sometimes known as a many worlds 

hypothesis, in that it would result in the co-existence of all possible evolutionary outcomes of 

the universe. For example, the worlds in which the oldest ancestor of the human race both 

survived and did not survive to reproduce coexist side by side; Within our own limited 

reference frame, we observe the one world in which she did survive, and hence we exist. 

This is bizarre enough, but common sense baulks first at the idea that we can define a reference 

frame that includes the entire universe; Since the universe is infinite and unlimited, you can’t 

include the universe in anything but itself, right? Not necessarily, it depends on what you mean 

by infinite. The universe may be finite but unbounded, in the sense that a sphere's surface has 

no edge but is not infinite, so in fact the entire visible and traversable universe as we know it 

may be closed and finite but without an edge. Such a shape does not necessarily exist in any 

larger space, like a balloon floating in a room, it can be self-contained, literally all there is.  

On another hand (there are many hands) the universe may be infinite but bounded, with 

coordinates that extend to infinity at horizons that are at a finite (and spherical) distance and 

velocity from observers in visible spacetime. This can happen, since the infinite coordinates 

scale relativistically (and by the simpler rules of perspective) to vanish into small values at 

great distances, leading to a singularity or particle horizon at the finite maximum distance, as 

seen into the past. It may be possible that the same effect applies to distances into the future, 

with a singularity at an event horizon. Both horizons are equivalent to a black hole, with all the 

weird properties of such a surface. The simplest event horizon would be the same distance into 

the future as the Big Bang is into the past. Think about that if you can! 

The significance of the event horizon has been given a massive boost by the discovery of black 

hole thermodynamics, by no less than Stephen Hawking. Virtual particle pairs are created at 

any event horizon, only one of which disappears by falling in, effectively calling into existence 

matter that would otherwise have immediately re-annihilated. Black holes thus have a 

temperature, and an entropic state of disorganisation in common with any teenager’s bedroom, 

that is in proportion to the surface area of the horizon. But thermodynamics is a 3D reality at 

least, so to encode it onto a surface (as though the teenager’s room actually exists on their 

bedspread) we must again evoke the idea of a hologram, a 2D mapping of a 3D image.  

Clearly David Bohm and Karl Pribram can take some credit it for this, and in fact it is a 

consilience across many seemingly unrelated fields. Incredibly, it produces the most promising 

bridge now known to link cosmology and particle physics: The mathematical identity of a 

negatively curved universe or anti-de Sitter space and conformal field theory, a gauge theory 
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of the type known to explain the three fundamental forces other than gravity, that occurs in the 

mathematics of a hologram. 

This AdS-CFT correspondence is currently the best and strangest image of the true nature of 

quantum cosmology we have: the particle physics on which we are based is reflected in a 

holographic image at the particle horizon. Separate universes are entangled by Hawking 

radiation across the edge of the observable universe. There is so much in favour of this idea, 

no one seriously doubts it must be correct, which should be a warning. 

Nevertheless it would not be correct to say that anyone can observe or even imagine the 

universe from outside, since all phenomena including the radiation we observe it by are part of 

it. Does it limit the questions that we can ask, then, if it is certain that we can never describe or 

even visualise the overall structure of the universe, as though observed from outside, because 

such a view is inconceivable even in principle? Or is it that our lack of knowledge or 

observation of an external view of our universe places no limits whatsoever on what can happen 

inside it, even in our own immanent reality, let alone in other parallel universes? What kinds 

of worlds might be possible beyond observation in neighbouring or parallel spaces? Whatever 

parallel realities there may be, concentric or intersecting spheres to our own reality, we would 

never be able to empirically confirm or refute them. 

Common intelligence also fails at the idea of the beginning of time. The problem is just that 

once we start seriously trying to describe it, we have no way to imagine it and our minds again 

fail us. Stephen Hawking's "no boundary" condition, where the beginning and end of time are 

analogous to North and South Pole, is the closest I have seen to a plausible explanation. The 

beginning is special in the sense of its uniqueness as a centre of coordinates, but otherwise not 

different to any other point on the surface, or to the way the points all connect together to make 

a complete space. 

 

Modern cosmology has gone far beyond common intelligence, let alone common sense. 

Einstein’s general relativity can be applied to matter-energy in spacetime on any scale, and 

hence generalised to the entire universe with either finite-unbounded or any number of infinite 

assumptions. It’s strange that the theory is impartial to the limit, it doesn’t seem to mind notions 

of finite or infinite space: even the initial size of a universe can be infinite, since it cancels 

mathematically and can be assumed to start at any size all the way out to infinity with much 

the same results. Cosmological models based on Einstein's field equations are very general 

(obviously), with the potential to either expand or collapse, or to be curved in many different 

ways.  

Alexander Friedmann, a meteorologist, and Georges Lemaître (another gifted clergyman) 

independently derived these early theories of the expanding universe. They were both 

dismissed by Einstein, which we’d have to admit was at least a temporary setback to science. 

Scientists can be very stubborn, polemical warriors; a critic of the stature of Einstein could be 

very hard to dismiss even when he was wrong. Much later, Einstein caught up with the program 

and with the help of his old friend and mathematician Willem de Sitter (whose negatively 

curved model now has this strong connection to CFT), they wrote the theory that was at least 

conventionally accepted for the rest of the 20th century. Not without other competitors, who 

Einstein again generally dismissed!  

Fred Hoyle for example found a steady state solution that many found compelling on an almost 

irrationally emotional level. Reviewing the arguments of the time, it is remarkable to see the 
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extremes of purely philosophical or even theological argument that scientists and the science 

commentariat of the time could not help but engage in. Essayists beware! 

A tremendous empirical leap in our understanding came in the late 1920s, when the astronomer 

Edwin Hubble confirmed the theory that "spiral nebulae" were immensely further away than 

any star in our region, and that these now correctly identified galaxies are all receding away 

from our own. In the same sky-breaking series of observations he found that the further away 

they are, the faster the galaxies are receding. 

At first it was simply astonishing that all the visible galaxies in the universe should be doing 

anything in a symmetrical fashion around our own. Four centuries after Copernicus had 

succeeded in removing the Earth from the centre of the universe, suddenly here was a pattern 

which appeared to place us back at the centre again. However, a closer look at the pattern 

revealed that in fact all of the galaxies are receding away from each other, not just us. Our own 

galaxy is receding from all of the others in exactly the same way. The pattern is symmetrical 

in every direction and every location, and almost immediately it was realised that this gives the 

universe the appearance of a huge expanding hyper-sphere, one of the possible solutions of 

Einstein's field equations. 

To picture this, as Paul Davies suggests, imagine a spotted balloon being inflated (the idea was 

Arthur Eddington's originally). All of the spots recede away from each other in a uniform, 

symmetrical way, with more distant spots receding more rapidly. Imagine that the spots are 

galaxies and the surface is the four-dimensional volume of intergalactic spacetime. This 

volume is curved around an enormous hyperspace of three plus one dimensions, just as the 

surface of a balloon wraps around a volume of two plus one dimensions, BUT there is no 

internal volume, only a surface with a spherical curvature. The curvature is a result of gravity 

on a uniform distribution of galaxies at the large scale, since all those galaxies in mutual 

attraction curve the space at a constant rate. 

Einstein had concluded his theory with a judgement that the universe had to be flat and static 

on the large scale. In fact he had no evidence either way and was assuming the same safe-bet 

static solution that Newton had failed to establish beyond doubt. Einstein even introduced a 

new factor to his theory to balance any tendency for it to expand or contract. This didn’t actually 

work, for theoretical reasons that Einstein gradually became aware of. They are much the same 

reasons why Newton’s theory doesn’t work.  

It’s also true that Newton only twigged to this problem later in his career. It’s actually quite 

easy to work out, and a mystery why these great men were fooled by it: An infinite universe 

with matter in all directions attracting upon itself, cannot remain in balance forever any more 

than a pin can balance on its point forever. Einstein may have assumed his new theory had the 

same unrevealed hidden correctness as Newton since GR converged on Newtonian gravity and 

for all anyone could see, the universe appeared to be static. 

Hubble’s observations provided experimental evidence that the universe was in fact expanding, 

so Einstein withdrew his factor with the comment that it had been his ‘greatest blunder’. I like 

this expression of Einstein’s personality, a small joke on his own account, but quite serious 

when you think he could have predicted the expansion of the universe from his own first 

principles, at a time before the true scale of the universe, or that it even had one, could be 

guessed. Einstein's theory works at much larger scales than even the vast hyper-reality that the 

visible galaxies encompass. If he had got this right, to literally predict the expansion of the 

universe, it's quite possible his reputation and significance, enormous even now despite his 

mistake, would have been almost godlike. Perhaps it's a good thing that he didn't, because by 

all accounts Einstein was charmingly modest about his achievements. It’s easy to forgive him 
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for errors about things he could not have known when he so mildly deflects acclaim for his 

other successes. 

The opportunity was nevertheless taken to explore what happens if you allow the universe to 

expand, by Friedmann and Lemaître using Einstein's theory, and it's a little surprising that 

Lemaître and his contemporaries remain in relative obscurity, not to say controvery over their 

discoveries. Einstein criticised both contributions. Hubble’s work was not in response to their 

theorising (which he probably didn’t know about) but neither was he particularly original. 

Hubble was repeating the galactic redshift measurements of Slipher (and where’s the Slipher 

Space Telescope (SST), hmm?).  

Both Hubble and Slipher were working against a backdrop of uncertainty as to what the 

galaxies were. Slipher’s work certainly showed redshift, but no interpretation of that was yet 

attempted even by Hubble.  

Hubble’s data, and analysis due to Henrietta Swan Leavitt (one of many under-recognised 

female scientists, strangely other than Marie Curie), showed that the redshift was proportional 

to distance, as predicted by Friedmann and Lemaître, and at the same time showed that the 

galaxies are distinct star systems similar to our own Milky Way. This must have been a mind-

expanding realisation for the greatest scientists and the world’s public. It’s hard to imagine 

anything else but a universe of many galaxies, now that we know it. For that vast enlargement 

of the universe, Hubble is duly recognised. 

Until 1929 the visible galaxies were known as "spiral nebulae" and thought to be minor parts 

of our own star systems. If the universe is expanding, it seems obvious, as it did to Lemaître 

(whose later idea of a universal egg was, naturally enough, not accepted), that in ages past it 

must have been smaller than it is now, and his theory plausibly showed that at one time it could 

have been very small or nothing at all.  

The Big Bang theory, which is now a well-established paradigm and is supported by enough 

direct physical evidence to be regarded as something like an ultimate truth, a "meaning" in the 

Douglas Adams sense, shows that the universe began without time in a vast inflation followed 

by quantum collapse into a hot, dense state in which all phenomena, i.e. matter, energy, time 

and space, were created. The inflating universe is pictured to have been enormously energetic 

and self-reinforcing, but also superbly smooth and uniform: Matter and energy were identical, 

and the four forces were combined in a single, symmetrical superforce. Again, I can only 

recommend you to the diverse writings of Paul Davies who I believe coined the term. 

As the universe cooled, matter emerged and the forces of nature immediately set about forming 

structures. Clouds of hydrogen, helium and trace elemental gas formed and began to collapse 

under gravity. Galaxies appeared and coalesced into stars which began converting the light 

gaseous elements to heavier matter. Larger stars produced heavier elements and exploded in 

supernovae, spreading the elements as dust through space. Solar systems and planets coalesced 

out of the gas and rocky minerals formed by the supernovae. Chemical reactions occurred, 

forming water and complex compounds. Eventually, life emerged, and throughout the eons the 

universe kept expanding with all these events unfolding on what we can now imagine as a kind 

of vast multi-dimensional surface. 

Of course, this is too simple a picture. There is an irresistible tendency to imagine the universe 

literally as a spherical shape expanding into some large hyperdimensional space. General 

relativity precludes this, saying that the spacetime expansion is a closed system – i.e. there is 

no outside geometry, no larger space into which the universe expands and no smaller space 

contained within its volume.  
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Obviously, this is impossible to visualise. You can’t imagine a shape, such as a sphere, without 

imagining the larger space in which it sits, the big room in which our bubble is bursting. This 

is an illusion. According to relativity, the universe has geometric properties which may be 

analogous to a sphere, but it’s not really a sphere, that’s just the nearest thing we have to 

imagine it by. The universe has spherical symmetries internally, but there is no viewpoint we 

can take from outside of the universe to put it into the external perspective view of a spherical 

object. 

The universe in general relativity may be of the 'finite but unbounded' type, ie you can travel 

around in it forever without falling off, and if you travel far enough you might come back to 

where you started from. But by that time there would be much more space to travel around in, 

because of the expansion, and the absence of absolute space would make it impossible for you 

to know that you had really returned to your starting point. You might be lucky enough to find 

your home planet, if the sun hasn’t burnt out by then, and you would not be reassured to know 

that its actual location cannot be absolutely defined. 

The universe may also be of the ‘infinite but bounded’ type, in which we must more bluntly 

admit that there is no way by any means we can even contemplate travelling around the 

universe, and no point in framing our analogies on travel around the spherical earth. You can 

travel towards, but not approach, this horizon; it recedes from you: the coordinates of the 

antipodal point increase as your own coordinate moves.  

On the finite Earth, you follow the receding horizon until – surprise – you arrive somewhere 

else, even the other side of the world, and then continue back to where you started. An infinite 

but bounded universe is not like that. The coordinates of a planet are finite, but it’s the wrong 

analogy. Spin, not actual spin but the idea of it, is a better idea: spin-circular or even spin-

spherical coordinates can continue beyond 180 or 360 or 720 degrees. You can experience this 

kind of infinity just by turning 180 degrees on the spot, and then asserting the freedom to 

continue turning. Your turning continues in one direction, it does not revert back to angle zero 

when you turn fully around 1 then 2, 3, etc times. In a universe that is infinite of this type, when 

you get to the antipodal point, the actual horizon in this case, you don’t start back, you keep 

going. It’s not even the horizon, because that is still receding. As you travel this universe, your 

coordinate increases into new higher values, and you get new, different parts of a larger 

universe beyond the horizon. 

The whole question of infinity is this conflict between two alternative views of reality, with 

finite and infinite components that can be inverted from one to the other to give different forms 

of reality. As Zeno asked, and Giordano Bruno may have personally attempted or imagined 

doing so, a spearman arriving at the edge of the finite would be confronted by the question of 

where to throw his spear. But in the inverted reality of a finite horizon bounding infinite space, 

the spearman can’t get to the horizon – it recedes from him as he travels, just as space expands 

as we travel through time and as finite time itself expands because it is unified with space. 

 

An obvious but badly wrong question is, what caused the big bang? There can be no straight 

answer to this: The big bang not only occurred at the beginning of time, but time was created 

in it. There was no cause, it simply was. So where did all the matter and energy come from? 

There is a growing certainty in the idea that the big bang is an inevitable consequence of 

quantum mechanics: The uncertain relationship between energy and time means that at tiny 

scales, enormous fluctuations in energy can occur, possibly producing purely random inflations 

of energy and matter out of literally nothing. If matter and energy come in equal but opposite 

forms, and cancel down to nothing or somewhere near it, then you can have as much universe 
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as you want; even more so if it occurs within some finite (even huge) universally limiting 

lifetime. 

The initial stages of a universe can hyperinflate by a spontaneous production and accumulation 

of energies that are negative and positive, producing an enormous baby universe, from nothing. 

A postgraduate student, Alan Guth in 1980, the John Denver of the physics world, discovered 

this by accident in an abstract consideration of early particle physics, and found that it explains 

many of the problems with the Big Bang model, the uniformity of the early universe, and 

provides an exact match to the very complex observed spectrum of the background radiation. 

The inflationary theory, as Guth says in his lectures (with a helpless laugh inspired by true 

discovery), is in good shape. The idea of A Universe from Nothing is ably explored by 

Lawrence M Krauss in his book of that name.  

The instability of nothing, to paraphrase Frank Wilczek, inevitably implies that if the big bang 

can happen once, it can happen again, or many times, or even continuously. It is possible to 

imagine that universes are appearing all the time, and even that they are intersecting and 

interfering with each other like ripples on a pond in the rain. Much of this is extremely 

speculative, but such things are certainly possible under our current best models of our own 

universe. 

There has long been a debate over whether the universe will continue to expand, or whether it 

will slow down under gravity and eventually begin to contract again, perhaps leading to a ‘big 

crunch’ return to the hot dense state. There is some evidence for this in the CMB, but several 

lines of evidence indicate that the universe is expanding at an accelerating rate, suggesting that 

it will continue to expand and possibly dissipate into nothing as wavelength temperatures are 

stretched to absolute zero or as spacetime itself is ripped apart by a return to hyperinflation, 

which the accelerating trend most seems to resemble.  

This endpoint is a type of event horizon, but not a simple one and not benignly receding. As 

the acceleration proceeds, regions travelling at speeds approaching light speed will encroach 

upon our region of spacetime, the accelerating trend producing relativistic speeds in nearer and 

nearer space. The horizon occurs at the lightspeed limit, much like the surface of a black hole; 

so if the acceleration continues it will eventually swallow us whole, taking away our view of 

the galaxies, the stars, and finally even the sun or any later generation star we have by then 

moved to, perhaps still burning but vanishing into red, freezing in time and fading from sight. 

 

What is causing the acceleration that makes it possible for this to happen? Where does the 

energy come from? Dark matter and dark energy, real though they seem to be, remain unknown. 

Dark matter is invoked as the additional mass required to explain the motion of galaxies, 

assuming they behave according to conventional gravitational models when in fact they rotate 

and orbit much too fast to be explained by their conventionally visible matter. We don't know 

what the dark matter is or if the conventional models themselves are wrong. Likewise dark 

energy is a simply a label for the unknown cause of an accelerating universe. Dark energy is 

not only mysterious, it is theoretically incalculable – the calculation is preposterously wrong 

by 120 orders of magnitiude – at exactly the point where the conventional theory is known to 

fail, in the one-sided non-renormalisation of the vacuum. 

In fact Einstein’s theory tells us that there is no energy of expansion, that once again it’s the 

wrong analogy. A better explanation in his terms is curvature, and to that extent somewhat 

beyond simple conceptualisations, but there is no need for an energy to explain it. In the particle 

physics sense, as we’ve realised in quantum mechanics, there must be a different answer: empty 
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space is not empty, it’s a seething mass of virtual particles. It has energy, and the same amount 

of energy per cubic megaparsec no matter how many cubic megaparsecs there are. If you have 

more space, you have more energy. Dark energy is the energy of the vacuum, and as the 

universe expands, the amount of vacuum in any co-moving volume increases. 

Dark matter was a more mundane discovery, and preceded these later discoveries by half a 

century, enough time for the very cool dark tag to reach a critical acceptance, so it was the 

natural label to add to the new energy. Fritz Zwicky, the great and eccentric (possibly inspired 

by his own name) astronomer, discovered dark matter by applying techniques of weighing 

visible dust and luminous matter and redshift techniques to galactic rotation, to realise that 

there wasn’t nearly enough matter to explain the rotation speeds. He surmised that there is some 

other type of cold matter in huge quantities not emitting or absorbing light, and he called it 

dark because you just can’t see it.  

It was realised that this would have to be a very different sort of matter indeed, with very weak 

or no interactions in every force except gravity. As the same effect appeared in further galaxy 

studies, then in galactic cluster orbits and in gravitational lensing effects, the overall bending 

of spacetime visible in the warped re-focusing of distant galaxies into rings and Einstein cross 

physical images, the measurement of dark matter routinely found up to five times as much of 

this stuff as the ordinary matter. 

   

Einstein smiley .  

NASA/ESA/NEWSY 

The terms Dark Energy and Dark Matter, are deliberately obscure and dramatic, as delightfully 

explained by the TV legend astrophysicist Neil deGrasse Tyson in his reboot of Carl Sagan’s 

Cosmos: scientific skepticism demands that we identify the edges of our knowledge, that we 

don't pretend what we don't know. Many standard scientific ideas and terms, such as Big Bang 

and Primordial Soup, are inspired by humorous skeptics in off-the-cuff seminar rebuttles and 

ongoing academic warfare. The “dark” phenomena are useful highlights for the extreme 

strangeness of the phenomena they were coined to label. 

The truth is the science is far from settled, in fact it would be fair to say that with 120 errors of 

magnitude, it doesn’t work. Despite over a century of the finest scientific work in history, no 
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one has succeeded in reconciling general relativity with quantum mechanics and there is no 

single consistent sign of a breakthrough in the immediate future. 

 

There are four fundamental forces: gravity, electromagnetism, and the strong and weak nuclear 

forces, which interact to produce subatomic, microscopic, macroscopic and cosmological 

structures. Of these, gravity is unique in that it defines the structure of spacetime itself and as 

such is not a force so much as a natural straight-line geometry. Consistently or not, it is thought 

that in the very early evolution of the universe the four forces existed as a single superforce, 

which subsequently divided and divided again as the universe expanded and cooled. Physicists 

generally believe that this common origin will eventually provide the basis for a common or 

unified physical theory to ‘explain’ all the structures encountered in the universe, from the 

smallest to the largest. 

So far, only the three electromagnetic-nuclear forces have been successfully combined into a 

unified quantum theory. The fourth, gravity, is accurately described by Einstein’s general 

relativity, but is inconsistent with quantum mechanics at a fundamental level, typified by the 

extreme non-linearity of general relativistic effects and isolated by the inconsistency of the 

geometric and particle-wave descriptions. The holy grail of modern physics is quantum gravity, 

which would unify the very large structures of cosmology with the very small structures of the 

atom.  

The direct observation of gravitational waves was a major advance, but the direct detection of 

the graviton particle is still needed as an essential link to quantum theory. As we best 

understand it, wave phenomena are invariably associated with particles; even mechanical 

waves in crystalline material have been found to have an associated particle. The discovery of 

gravitational waves, confirmed separately in the gradual radiation of energy from orbiting 

neutron stars and in the immense outbursts of their final collisions, makes the absence so far of 

direct detection of a graviton particle problematic. It is, as I’ve said, an observation problem. 

Most candidates for a Grand Unified Theory, including string theory and the strange theoretical 

cosmology of Erik Verlinde, known as Emergent Gravity, owe something to the Kaluza-Klein 

interpretation of general relativity. The physicist Theodor Kaluza demonstrated in 1921 that if 

you solve the equations of general relativity in four dimensions of space plus one of time (a 

total of 5 dimensions), what you get is Einstein's gravity plus Maxwell’s equations of 

electromagnetism. This was a powerful unification, but the question naturally arose, where is 

the fourth dimension of space? Why is it not visible?  

In 1926 another theorist, Oscar Klein, suggested that the higher dimension was not visible 

because it is rolled up extremely small, as though point particles are in fact very fine looped 

tubes of string with a fourth dimension wrapped around them. This idea stood as something of 

a mathematical oddity for decades, until other developments brought it back to prominence in 

the form of string theory, a very active field of research which is still being developed. 

An alternative viewpoint, pursuing this philosophical idea of our finite perception and its effect 

on our measurements, would suggest that the fourth space dimension can be extremely small 

because of our limited perception of it. We could be limited to remain inside the universe, in 

that our own smallest subatomic dimensions constrain the minimum size of the extra dimension 

into which physical structures must fit at the smallest scales. A higher dimension, or direction 

pointing towards the outside of our universe, would be real and local only at the small scale, ie 

it would intersect with our perceived macroscopic 3 dimensions at a subatomic scale. This 

would imply that our perceived spacetime is a thin manifold or slice through a higher reality, 
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obtained via an iteration of limited-perspective interpretations of science. Let's see if I can 

explain how these ideas fit together. 

Quantum mechanics plausibly implies a cosmological wave function of some vast kind which 

does not collapse but continues on in superposition throughout a persistent spacetime. The 

cosmological wave function defines the dimensional characteristics of the observed universe, 

so it could be recognised by certain large-scale features: it must undergo gravitational collapse 

into the vast network-like intergalactic structures that we can now see; it must exhibit 

electromagnetic and nuclear reactions of the types we observe in stars, stellar dust, planets and 

life; it must have the form of an expanding spherical domain as per the Hubble data; and it 

should originate in an initial outburst of quantum cosmology as we now understand the Big 

Bang. 

An expanding spherical waveform has an analogy in classical physics, namely a shock wave, 

the sudden and temporary expansion of a sound or pressure wave exploding in the atmosphere. 

Picture a small nuclear test at some altitude above ground, giving a completely spherical shock 

wave: we can picture a shock wave as having an overall expanding spherical manifold with an 

inside and an outside, the surface of the sphere being defined by a narrow pressure front where 

the actual sound of the explosion is experienced. 

Taking this analogy just a little further, we can notice that the depth of a pressure wave–front  

is small compared to the overall size of the wave. The wavelength is defined in the direction of 

the expansion, at right angles to the surface of the wave front. This intersects the depth of the 

shock wave at its narrowest dimension. So the defining characteristic of the wave, the 

phenomenal shock as it passes by your ears, is that it is small in the outward direction, which 

is at right angles to any direction that you can indicate on the spherical surface volume of the 

wavefront. 

This analogy is suggestive of an expanding spherical cosmological wave function whose 

wavelength is at right angles to the three observable dimensions of space and very small 

compared to macroscopic observers. I put the outward direction in italics, not inverted commas, 

because it is a critical departure from General Relativity that there can be any such direction 

towards a hypothetical space not part of the observable universe. The non-Euclidean geometry 

on which GR rests has no such “outside”, and indeed a scientific model is not required to 

describe regions that are outside of the phenomenal universe and as such cannot be observed. 

There is no possibility of an external perspective on the phenomenal universe, and no meaning 

to descriptions of the universe as though from that view. There is no empirical data on regions 

outside the observable universe, by definition. 

The two ideas of Riemannian geometry and empirical parsimony work together beautifully as 

a natural consilience, and it is one of the basic tenets of general relativity that the concept of a 

larger space containing the theoretical “shape” of a universe is both unnecessary and wrong. 

Einstein was inspired by parsimony, the old science metaphor of Occam’s razor (eliminating 

what is unnecessary, especially what is not observed), to accept that a universal geometry must 

only model the empirical universe, and nothing else. His use of Riemannian geometry, based 

on the work of Euler and others to generalise beyond Euclid, provided such a formalism: a 

curved space manifold with no well-defined external space beyond the known, measurable 

dimensions. 

Occam’s razor must be used with care. A hypothetical physics that for example knows only 

light in visible colour, would reject theories of higher and lower frequencies if there was no 

technology to detect them. Before the theoretical (Maxwell) then experimental (Heinrich 

Hertz) discovery of the full spectrum of electromagnetic radiation it would have been 
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“obvious” that there is no need for such frequencies to exist, and so would have been sliced off 

by the razor if they were discussed at all, but of course that would be wrong.  

The Riemannian assumption denies the existence of parallel universes that may or may not lie 

in an undetectable direction at right angles to our 3 dimensions. Detectable or not, there may 

be many ways in which that direction could be indirectly inferred, even by weight of evidence 

and conformance of theory. Occam’s razor effectively denies it, and with it any reason to 

develop technologies and theories that could explore the subatomic-supergalactic scale that this 

idea seems to suggest. This would only delay the discovery or explanation of the phenomena 

we can suppose might lie in that direction. 

An analogy illustrated by the wonderful early relativistic novella Flatland: a Romance of Many 

Dimensions by Edwin Abbott, is to accept that such dimensions may depend on our knowledge 

of them, and that there may be observable effects due to intersections with a higher reality, that 

may be currently known but unexplained. The intergalactic web structure, for example, looks 

like a matrix of expanding soap bubbles in complex extra-dimensional intersections. To 

anticipate this is to empower future science to extend our empirical range and very much 

weakens the philosophical imperative of the razor. 

I hope it is clear that I have taken this much effort, in an essay that is long in both word count 

and years, to find interpretations of quantum mechanics and relativity that turn on the 

limitations of our perception, and to show that we can thereby explain phenomena which we 

are not biologically evolved to perceive. It is in our nature as macroscopic beings, observers 

built of subatomic components at the scale of the missing dimension but existing consciously 

far above it, to show that such a dimension can explain or is consistent with what we do see. 

This does not depend on the non-linear methods of string theory but explains the missing 

dimension as a linear wavefront with a subatomic wavelength. This is in fact the simplest 

version of the brane (or membrane) cosmologies. Brane theory extends the idea of a quantum 

cosmological membrane, a thin manifold such as the surface of a shock wave, to as many 

dimensions as are needed to capture all the essential dynamics we observe, at all the known or 

measurable scales. So the reality again is far larger than our perception allows, but this is a 

good place to start understanding it. 

∞ 
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5 

 

 

he following ideas are not just speculation: I do the maths and comparisons in a separate 

thesis; but there are some significant departures from the standard model coming up, 

which I’ll point out as they arise. The first departure is this new direction of expansion, a 

missing non-observable 4th space dimension.  

There is one very good reason why we exist in three space dimensions, plus time: it’s a basic 

dynamic symmetry of nature known as Huygens’ Principle, which is the basis of the linearity 

of Maxwell’s equations and a simplifying law of nature, based on concentric systems of 

spherical ripples. These are a good model of light, or any radiation, and in fact provide good 

wave physics generally, but they only work mathematically in an odd number of dimensions. 

That’s just a fact, and 3D is just the first odd dimension that could possibly allow for complex 

bodies to form, so here we are. There might be 5D realities that contain intelligent life (in fact, 

that may be where it all actually is), but I’m betting on the evidence of Einstein that God prefers 

to keep things simple as well as parsimonious, in as many or few dimensions as needed, and 

only sparsely governed by rigid principles.  

 

Huygens’ Principle might actually be thought of as the first principle, since it came nine years 

before Newton’s Principia and no scientist before either of them had pronounced anything so 

deep, powerful and fundamentally correct at a purely theoretical level. Huygens’ Principle 

turned out to be the only sufficient and necessary basis for wave mechanics including light, 

and thus stands before Newton, who thought of light as a corpuscle, or little body, travelling in 

straight lines unless acted on by some force.  

That’s not to say that Newton’s significance is anything less than gigantic. Newton had a hand 

in every branch of the sciences of his time, including the discovery (or invention?) of gravity. 

Newton’s greatest work stole the crown of Zeno and conquered the logical mathematics of 

vanishingly small dimensions, as near to zero as you like and as simple as that even as you say 

it. This is no less a trick than how to add up the infinitessimally small, which sounds like 

philosophical hyperbole but is the actual technical term and rule for it, exactly as used by 

NASA or in any branch of the STEM subjects for the study of smooth, continuous effects built 

into the idea of continuity. Since this idea needed no smallest unit, no atom, Newton was able 

to use it to get over the childish hiccups that beset Zeno as he plotted the orbits of the planets. 

T 
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Now the two ancient world views of continuous or discrete reality came into conflict. Newton’s 

calculus, a smooth, continuous mathematics, triggered a resurgence of non-atomic theorisation 

from the seventeenth to the twentieth centuries, when scientists saw that they could produce 

accurate world models on continuous substrata, and argue that they were “real”. Absolute space 

was theorised as a continuous aether that was the transmission medium of light. Light itself 

became the litmus of the whole era, since Newton despite his own mathematics had come down 

on the side of the atomists with his theory of corpuscular light. But then Young followed 

Newton’s method to discover that in fact Huygens’ wave theory of light fit the data best, and 

then Planck, Einstein, de Broglie and Bohr among others realised that light was both a wave 

and a particle, which is a unification of the conflict because that theory, bizarre as it is, works. 

Newton got it all badly wrong, and I’m not aware if he met or corresponded with Huygens, yet 

it’s instructive to ask what might have happened if they had got together and worked on a 

common theory that combines the two ideas of a wave and a particle, plus gravity. We could 

have had the basis for a form of relativistic quantum gravity in the seventeenth century, but it 

was unrealised at least partly because of inter-European scientific rivalry.  

Out of something more than whistfulness or whimsy, I’ve sketched what a Huygens-Newton 

diagram might have looked like in the next figure. It may be familiar to students of special 

relativity; it is better known as an Epstein diagram, and it has one rule: that all velocities 

including our velocity through time, are the speed of light. 

This shows that you can think of Huygens’ principle in 4 dimensions where the 4th is not light 

or radiation, but gravitation. Gravity waves are now known for certain, but the underlying 

graviton is a hypothetical spin-2 and hence 4-dimensional particle, with a wave-form that can 

be thought of as 4 space-dimensional, plus time. A Huygens waveform could be a system of 4-

dimensional spheres of the canonical type in ordinary differential geometry, with light 

travelling only in the 3-space directions defined by the electromagnetic field, independent of 

the 4th component projected by the more complex gravitational field.  

This is so improbably useful it seems like a lazy shortcut, and I wouldn’t give it too much 

thought except that when you write the expansion in these terms, and look closely at the 

trigonometry of the construction, what you get is special relativity, with the contraction-dilation 

law in exact mathematics:  

 
Cross-section through 4D spherical wavelets expanding and radiating at the speed of light. A photon 

travels only in 3D on an otherwise 4D gravitational manifold. The spherical components of expanding 

electromagnetic and gravitational space produce a local geometry with Huygens symmetry, Epstein 

projective geometry and Lorentz-FitzGerald contraction-dilation effects: A body moving at v with 

length l and characteristic frequency f (shown in green) is dilated and contracted (purple) by projection 

into a stationary observer’s reference frame, or viewpoint. 

This as I’ve said is not a new idea, in fact this geometric contruction was popularised by the 

great science writer and undoubted eccentric, Lewis Carroll Epstein, illustrator and educator, 

who drew these circular-trigonometry diagrams as a way of simply conveying the idea of 

relativistic contraction-dilation to young readers, using techniques he found to communicate 

science to government committees. But he called it a myth, in line with his view that many of 
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the classic derivations of physics are better regarded as purposeful story-telling than actual 

science.  

Epstein didn’t connect his construction to Huygens’ Principle or cosmology. This essay may 

in fact be the first time anyone has taken Epstein that seriously, though many love him dearly 

as a creative teacher. I would go so far as to suggest a Huygens-Newton-Epstein law, and 

reframe the problems of modern physics by reaching back to the First Principle, with a little 

help from this disregarded eccentric genius. 

 

This still leaves us wondering why we don’t or can’t observe spacetime to have such a structure. 

Huygens’ Principle doesn’t work in 4 space dimensions (or any even number of space 

dimensions), since it would leave a wake or afterglow that we just don’t see. Radiation can’t 

do that, it doesn’t have the requisite dimension, by its physical nature as an effect of linked 

orthogonal electric and magnetic fields. Light is defined by 3D; in this model it is a 3D 

component of a 4D manifold that is identified with gravitation, not electromagnetic radiation. 

As Galileo realised, the direction of gravity is independent of the other dimensions, even in our 

3D view of it.  

A 4th space dimension would nevertheless be undetectable for a number of reasons: 

 Radiation and particle effects are transmitted only within x3-x0 space-time dimensions, 

as per known particle physics in 3D. The expansion occurs at right angles to it, in a 

direction to which light and particles cannot transmit, and we cannot observe; 

 The expansion wavefront, as a primordial Huygens field, is of profound subatomic 

dimensions not accessable at current particle physics energies; 

 The particle form of the gravity wave function is 4-dimensional, and cannot be 

completely measured in the limits of 3-space or the 3D physics of waves and particles. 

 The graviton is a quantum unobservable, ie it is at the largest scale of the entire 

superposition and does not collapse. This undetectability suggests it is a candidate for 

dark matter. 

The direction of the expansion is at right angles to the shock wave, which is to say at right 

angles to our phenomenal/visible universe. Light and particles travel within the 3D brane, 

defining our detection and hence perception of it, but expand with the larger waveform 

outwards where that direction corresponds to a more general limit on gravitation. The brane or 

Huygens shockwave is thin in the fourth dimension, a similar explanation to that of string 

theory where the extra dimension is rolled up into loops and folds of string. 

The graviton may be fundamentally undetectable because its collapse into particle form would 

represent at least a partial failure of the superposition of the entire physical state of the universe. 

This cannot occur except by observation from outside the system, and by definition all human 

science is contained within the (usefully spacious) confines of the universe. At the universal 

scale, Schrödinger's gravitational cat is always both alive and dead. 

In another sense, the graviton may be undetectable simply because it cannot be shielded. One 

of the unique features of gravity is that it is felt everywhere. There is no negative gravitational 

charge to cancel it out. All matter and energy, that is all things, respond to it. It cannot be 

intercepted or prevented from propagating, apparently even between separate theoretical 

universes. There is no "lead plate" of any thickness that gravity cannot penetrate, in fact the 

lead plate would add to the gravity. The graviton is unique in brane theory as a massless spin-

2 particle not bound to any particular 3-dimensional brane, so in fact gravity alone of all 

phenomena may possibly propagate between parallel universes, if they exist.  
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Profoundly, if we can observe or measure higher dimensional spaces at all, it may be only via 

the indirect gravitational effects of inter-cosmological gravitons passing through our universe. 

Apart from the graviton then, all radiation including light, as well as matter (collectively all 

directly observable phenomena) are confined to exist in motion within a brane, a hyperspherical 

wavefront which defines the sum total of all possible events at any instant given the relative 

motion of the observer. This is a fundamental if obvious point, much like the zeroth law of 

thermodynamics: The phenomenal universe is founded on the expansion of a Planck-scale 

quantum shock wave that defines all known phenomena, hence no light or matter can travel in 

an "outward" or "inward" direction, relative to an observer, without leaving the phenomenal 

universe entirely.  

But that doesn't mean there's nothing out there: Quantum mechanics suggests that if the Big 

Bang can happen once, it can happen many times. There may even be a constant process of 

creation, a Big Buzz rather than a Big Bang, in which universes are created constantly and 

expand one after the other like sound waves around a persistent and localised spherical source 

of noise, or energy. All of these universes would be unique and separate realities, many waves 

in a series, related to their neighbouring realities only by the common origin of the source, the 

partial determinism of evolution, and the multiversal effect of gravitation. 

Neighbouring realities could thus be literally parallel and separated from each other by 

distances smaller than an atomic nucleus. Only the graviton can be in any sense independent 

of the cosmos and may exist and communicate between many branes, or parallel universes. 

This could account for both the weakness and the ubiquity of gravity throughout the universe, 

as well as the effects of dark matter and dark energy, which may be the effects of gravity 

associated with parallel galaxies in neighbouring universes. 

The ongoing source of the Big Bang, if we can even talk meaningfully of its continuing 

existence, would be the uncertainty of energy at somewhere below the Planck scale as in 

quantum models of the first few nanoseconds. It might even have a definable sound, the distant 

rumble of every Higgs boson in the universe emerging at once near the end of the Planck era. 

David Weir of the University of Helsinki, reported in New Scientist (January 2014), describes 

these effects as "shock waves ... essentially sonic booms" that might be detectable as gravity 

waves in the next generation of detectors, IF they are detectable at all. 

 

Where would we find actual evidence for the form and structure of a cosmological wave 

function consisting of gravitons in permanent unresolvable superposition? Given its scale, the 

answer must surely be to look at data at the scale of the entire universe, so I turn at last to the 

largest of all scientific frontiers, cosmology. 

In 1989 the Cosmic Background Explorer (COBE) satellite observed a subtle variation in the 

temperature of the cosmic background radiation (CMB). The microwave background is a 

remnant of the radiation produced in the Big Bang, long since cooled and red-shifted to a 

temperature just a few degrees above absolute zero. Due to the physical simplicity of the early 

universe, not yet differentiated into things like stars and galaxies, the cosmic background is 

supposed to be absolutely uniform in every direction, and up until 1989 the best measurements 

tended to confirm that. 
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All-sky projection of the CMB. 

https://physicsworld.com 

The CMB is a kind of hot veil cast over the past time-horizon or particle horizon of the Big 

Bang. You can’t see through it, because it was so hot that photons couldn’t travel through it; 

they were in a kind of old-style, nearly perfectly homogeneous soup with all the free electrons, 

protons and primordial nuclei mixed in together and cooling slowly over about 400,000 years. 

When the temperature dropped to around 3000 degrees, cool enough for atoms to form, the 

electrons all associated themselves with charged nuclear particles. Suddenly the space between 

the atoms became electrically neutral, and the photons were free to travel. This is either the 

moment in Genesis when there was light, or the actual Greek void, and as near to those ideas 

as we can scientifically imagine. There were only three or four types of atoms, all of actual 

matter, with varying degrees of agreement on how much dark matter there was at this time. 

Over 14 billion years the CMB cooled to around 3 degrees (absolute temperature scale) and is 

now visible as a uniform glow of light in the microwave spectrum, at wavelengths around a 

centimetre. You can imagine yourself bathed in this cold and  almost imperceptibly fluctutating 

light at any time, even indoors, as the microwave penetrates buildings. Its not very energetic, 

so it can’t defrost your TV dinner, but it is very uniform, almost exactly the same temperature 

in every direction. 

The COBE measurements were the most accurate ever performed on the CMB, and the small 

variation in the temperature of the radiation was received with some surprise. There are subtle 

harmonics, complex spectra, ripples and blurred textures, that indicate the beginnings of 

supergalactic structure, the origins of the foamy web of matter that we now observe in the 

largest intergalactic surveys. These were created by the breaking of symmetry, as though the 

hot universe suddenly snap-froze with cracks and bubbles in it, the four forces emerging from 

these in-built flaws and pointing in different directions. 

Incredibly, to my mind, it is now possible to show that the CMB is geometrically flat, as in 

Euclidean. The typical size of thermalizing regions at that age of the universe can be estimated 

by the age at that time, 400,000 years, giving a natural; length scale to the pattern seen on the 

sky. Applying ordinary geometric rules on simulated theoretical curvatures in that early state, 

the one that matches the sky is just plain flat (pardon my deadpan):  
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This implies, among other consequences of Euclid’s 5th postulate (the one about parallel lines), 

that radial lines extending outwards from any observer can never re-converge; they must be 

physically and geometrically divergent. Picture a radiant star in the air in front of you. Lines 

extend from it forever, and do not converge. Nevertheless there is a horizon, with spherical 

symmetries in the reference frame, the gravitational field, the horizons themselves at equal 

distances in every direction. 

This geometric flatness matches the physical curvature of the universe due to the combined 

effects of matter, dark matter and dark energy. Also incredibly, these effects can be measured 

and produce a theoretical universe with an exact escape velocity, and a residual acceleration 

that coexists with the flatness.  

I’m happy to discuss it, but it seems to me that this can only indicate a universe that is both 

spherical and flat. 

It turns out that the unification of flat and spherical is not hard to do mathematically, and no 

harder to imagine than a unified wave-particle. The arc length formula, so essential to all levels 

of astronomy and cosmology, can coexist with a Euclidean area law that extends to infinity yet 

has a finite maximum observable coordinate at . Projecting this onto a spherical symmetry 

requires only an additional space dimension to capture the curvatures of waveform and 

gravitation that are not evident in flat 3-space. Kaluza and Klein would have understood the 

difficulty of locating that extra dimension, hence my care to provide at least four reasons why 

it might be unobservable. This is consistent with Huygens’ Principle, with a 4th dimension 

inclusive of gravitation, plus light and particles in 3D, plus time. 

 

In addition to the flat but non-uniform and not exactly random rippling of the background there 

is a small non-random, detectable trend in temperature, one end of the sky being slightly 

warmer than the other, with a smooth temperature gradient between the two opposite ends of 

the sky. This was interpreted as a Doppler blueshift due to the satellite's velocity in that 
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direction, but after correction for the orbits of Earth around Sun and the Sun around the galactic 

centre, it was discovered that the entire galaxy is travelling towards the warmer, blue end of 

the sky at the enormous relative velocity of about 600 kilometres per second.  

A closer look in that direction indicated a massive supercluster of galaxies whose gravity has 

evidently captured our own galactic cluster: This gave us the momentous discovery that our 

entire galaxy and all our nearest galactic neighbours are falling through space at something like 

0.2% of the speed of light: 

It was later realised that all the galaxies and galactic clusters are moving around in space, 

mostly at random, in the formation and evolution of gravitational fields and the changing 

distribution of matter. The estimated 600 km/s of our own motion now stands at 369 ± 0.9 km/s 

or 0.123% of light in the direction of galactic longitude  263.99 ± 0.14°, latitude 48.26 ± 0.03° 

and is not well explained by gravitational effects.  

In fact no one knows why we have this high velocity, and I think it partly misses the point: the 

COBE data reveals an even more fundamental discovery: COBE had measured a velocity 

which is relative not to the Earth, nor to the solar system, galaxy or neighbourhood group, but 

to supergalactic structures on the largest scale measurable, the heat signature of the entire early 

universe. This provides an enormous and fundamentally original reference frame visible 

anywhere in spacetime. 

The COBE velocity, 0.00123c, could be said to be relative to the early universe as a whole: 

The background radiation is not only uniform in all directions, it is effectively stationary; since 

the early universe had no net motion in any direction, and was in the beginning so uniform that 

there were no differential effects of gravity, and nothing could be said to be in motion relative 

to anything else. The large-scale movements of galactic superclusters observed by astronomy 

today (looking back into the past) are the result of eons of gravitational pull built on the tiny 

deviations from uniformity that we can see – but at the time the cosmic background was 

formed, no such motions existed. 

What this seems to indicate is the background radiation could be used as an absolute reference 

frame for the measurement of velocity on any other reference frame. Any observer, knowing 

his velocity relative to the background and any other object’s velocity relative to himself, could 
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calculate the other object’s absolute velocity defined as relative to the background. This 

observation would correlate with all other observations, such as the absolute gravitational pull 

of large-scale structures, galactic superclusters and dark matter within the filamental, foamy 

structure of intergalactic space. 

An absolute reference frame is not supposed to be possible. The fact that one may have been 

discovered, thirty years ago, is of enormous importance to our understanding of the universe 

and to the interpretation of general relativity. 

This is not necessarily a contradiction of relativity: the CMB is not a universal image but a 

local and relative one, the image of the CMB as seen from this vantage point. As with all past 

epochs, earth-based observers see events (such as particular thermalised regions in local 

collapse) that correlate with our physical location and the time-distance to such events. 

Observers far from Earth would see an entirely different mapping of the CMB.  

It can however be inferred that for thermalising regions with any significant persistance in time, 

say over the period from 4000 – 3000 K during recombination-decoupling, all observers within 

a given observable space would see a time-varying image of the same CMB, with no preferred 

direction but a time-persistence of the structures that can be seen. The great cool spot for 

example might feature in all possible views of this observable CMB within similar horizons. 

If space can be regarded as absolute, even on average, it is possible to define an absolute 

structure for it in a way that general relativity does not allow. A spherical shape, with both 

'inside' and 'outside' in a larger four-dimensional space, is permissible. General relativity 

assumes that the fourth dimension is time, or rather that the whole is a four-dimensional 

spacetime. However, as in classical fluid mechanics it could be seen that time is not necessary 

as a dimensional reality: We can simply allow physical processes to change in relativistic ways 

based on their velocity or mass.  

By applying dimensional analysis as a mathematical technique, the variations of time-scale as 

a function of mass and velocity can be calculated with time as a parameter, without the need 

for a literally dimensional idea of time. The variations in duration and length are dimensional 

characteristics of phenomena, not of space and time, both of which can be defined in absolute 

terms as mathematical descriptions of change, not as realities in themselves. 

We thus have an image of a Kaluza-Klein universe expanding in four dimensions, not because 

there is a direction of time that moves in that way, but simply because expansion is a natural 

cosmological process arising from the energy of the big bang, occurring in duration-variable 

and length-variable ways in the same sense that a pendulum's period depends on its own length 

and the strength of the gravitational field.  

 

As a quantum reality the universe must be limited by duality and superposition, just as we have 

already seen in subatomic particles: The wavelength, in particular, would be inverse to the 

expansion energy remnant of the big bang as seen in the microwave background and hence 

must be extremely small in the direction of expansion: This would limit the universe as we 

experience it to a narrow wavefront expanding through a fourth dimension which is invisible 

to us partly because of the sheer smallness of the component of the wave function constituting 

our reality in that direction.  

Also, the fundamental particle of the cosmic expansion is not visible to us because its detection 

would imply the observational collapse of the universe. I'm actually not sure how seriously we 

should take this, but the congruence with the absent graviton, which frustratingly should have 
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been discovered decades ago given all the theoretical evidence for its existence, but has not, is 

interesting. The graviton may simply not be detectable regardless of its existence. To detect it 

would not only actualise it as a particle (causing the collapse of everything else) but would also 

prove its existence, which among the class of recursive propositions that can be true without 

proof as per Gödel, is not possible. So we're safe. (OK, that's a joke). 

The cosmological size of the fourth dimension “inside” and “outside” of our universe would 

likewise not be visible, because physical phenomena such as light and matter are confined to 

the quantum phenomenality created by the wave front. The larger volume of four-dimensional 

space may be simply inaccessible to us by any means, possibly even to the extent that there is 

no possibility of direct empirical or experimental verification; we may never see anything but 

our own ripple of this omniverse, except in indirect gravitational effects, or in fiction. 

A fine science that thrice proves itself unprovable! I'm sure Kurt Gödel (not to mention the 

original Lewis Carroll) would approve. 

Nevertheless we can speculate on what the space between our universe and the next (or 

previous) might be like. As a low or zero amplitude phase it is quite possibly a true void beyond 

that imagined by the Greeks, with nothing moving in it and no change over time. Our own 

space may merge with it, fading out as the amplitude drops to zero, falling to absolute zero and 

losing even the dualistic insubstantiality that we see in virtual particles. It may be literally 

empty space at last.  

However, given that we don't (can't) know, it could alternatively be a set of negative or anti-

wave functions, a possible explanation for where all the antimatter in the universe went. It's a 

persistent mystery in quantum cosmology that the best models of the big bang introduce the 

need for equal amounts of matter and anti-matter in the early universe, but the mechanism by 

which we come to the present matter-dominant universe is unknown. Either it is somehow 

bound into dark energy or dark matter, or it's in a parallel universe, sub-microscopically close 

to us but utterly inaccessible. And fortunately so, as it would destroy our entire reality much as 

a negative wave cancels a positive.  

So to sum this idea up: our universe could be a hyperspherical shockwave originating in 

something like a vast continuous sound or glowing light (a source of energy, in other words) 

emitting spherical quantum wave functions in four dimensions, with all that we perceive as our 

universe occurring on only one wavefront of many parallels, expanding outwards as a 

dissipative wave of not just energy but every other form of phenomena in the universe. Positive 

and negative waves alternate as parallel, antithetical realities, composed of matter and anti-

matter like layers of sound. According to Weir's theoretical analysis of Higgs bubble formation, 

they might rumble like thunder. 

Personally, I can't help but try to visualise this. I picture the depth and vastness of the visible 

universe as the small wavelength of a high frequency wave, subatomically narrow in the 

direction of expansion. Somewhere in that short wavelength, just ahead of us and just behind 

in all directions of space, but not on this particular wavefront and therefore not part of our 

material universe, are a future and past series of similar wavefronts in earlier and later 

moments. There is a profound possibility of unseen and immediate depths, an anti-world 

mirrored in our own, the boundary to separate universes  parallel to ours like the next and 

previous pages of a book. 

Which brings us back to the Kaluza-Klein theory: With four dimensions of space and a 

parametric, dimensionally-analysed form of time, the equations of general relativity are unified 

with electromagnetism. Quantum chromodynamics then incorporates this with the strong and 
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weak nuclear forces, finally providing a Grand Unified Theory of the forces. I hope I can be 

forgiven for speculation at this depth. In my view, contemporary science is broken and only 

radical new ideas will fix it. 

 

As light travels circumferentially around an expanding hyperspherical volume, the spacetime 

trajectory or world line traced by each photon would be to expand outwards and travel laterally 

around the manifold, as shown in the next figure. The sum of all world lines reaching an 

observer at any moment, usually referred to as a light cone, is in fact only conical on the small 

scale, as at larger scales the cone follows the curvature of space. The large scale structure of 

the light cone would thus resemble a spiral volume of revolution leading into the distant past. 

Applying the relativistic laws contained in Huygens’ Principle at this scale, it’s possible to 

show that a moving reference frame such as a traveller has a distinct, separate set of universal 

axes: their simultaneous space departs from ours, and they have their own unique spiral time 

axis. This would apply to any other reference frame in even small relative motion to you, as 

these observable space axes extend enormous distances, so any small Minkowski slope will 

become a distinct reality at the horizon.  

Assuming the flat-spherical geometry, there is a finite particle horizon at  This relativistically 

contracted and desynchronised horizon plane avoids the disallowed convergence at that 

distance, so it remains flat and undeniably spherical.  

A spherical curvature conventionally implies an antipodal point. It’s hard to train your mind 

not to need it. The axes of any other observer are distinct from yours at that distance, so that 

point is delocalised, and is in effect the point-plane singularity that we need to wrap our 3D 

observable space onto 4 dimensions:  

Spiral worldlines of photons traveling on an expanding hyperspherical domain. The observer is at O. 

All points on the spiral light cone (blue- or red-shifted) are simultaneously visible to the observer at 

that instant. The spiral curve arises as photons in motion on the domain follow the expansion outwards. 

This represents a four-dimensional view of the expanding universe into the past. Moving observers see 

other objects such as galaxies in relative motion from within their own reference frame, which is 

asimultaneous with any other observer. The speed of light is constant, so the light cone can be regarded 

as unaffected by motion when viewed from within any observer's frame of reference. 
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The failure of simultanity has a cosmological implication, and must include distortions in the 

distance and time to events at great distances, where recession velocities are assumed to be real 

for their energetic consequences. The result is that the visible space and time are contracted 

and dilated, in a way that connects the analysis back to Huygens’ Principle, with the same 

circular geometry construction.  

This is a reassuring but extremely strange result, not least in the effect it has on the mind as 

you figure it out. You can teach yourself see it, and the solution is then apparent: a finite horizon 

contracts towards you, while time intervals at those distances dilate, yawing your desk and 

producing a redshift that matches the data. It’s a scary–hilarious, inspiring moment, and a 

classic example of Godels’ theorem in action: the mind, seeing a pattern at the periphery and 

recognising it, is able to make the leap, in this case across 14 billion years. 

 

The strangest result in this whole thesis is the inversion of curvature to energy, and its 

identification with dark energy and dark matter. The physically critical flat case is canonically 

derived on the curvatures, with zero actual radius. By assuming a radius, you lose the curvature, 

but you gain a spherical arc-angular geometry to work out areas and volumes; and then by 

assuming or solving for densities, you can work out kinetic and potential energies due to matter 

in relativistic expansion, those energies made possible by the inversion of curvature. 

You can solve the sum of these energies to critical density, and they correspond  closely to the 

known proportions of dark matter and dark energy. This works out as a simple quadratic 

equation, with kinetic and potential as density and density squared. The same formulation 

enables calculations of the matter densities at the cosmological and intergalactic scale:  

 
Mass-equivalents of expansion kinetic and gravitational potential energies escalate to critical density. Initiated 

by galactic densities, 𝜌𝐺  is distributed over smaller cosmological matter density 𝜌𝐵. This matter has kinetic and 

potential energy-mass equivalents 𝜌∋ that also engage in expansion, producing higher energies that add to critical 

density 𝜌𝑐. K and P components of 𝜌𝑐 are then equal–opposite, and cancel. 

 

 

  

density 

energy → mass-equivalent density 

Kinetic EK 

Potential EP 
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𝜌𝑏 + 𝜌𝑘𝑏 + 𝜌𝑝𝑏 = 𝜌∋   

𝜌∋ + 𝜌𝑘∋ + 𝜌𝑝∋ = 𝜌𝑐 

𝜌𝐺 + 𝜌𝑘𝐺 + 𝜌𝑝𝐺→ 
𝑉

𝜌𝑏→ 
𝐸

𝜌∋→ 
𝐸

𝜌𝑐 

𝜌𝑐 + 𝜌𝑘𝑐 + 𝜌𝑝𝑐 = 𝜌𝑐 
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Finally, and most significantly, a zero-G dynamic can be derived as a zero-valued Friedmann 

equation. The acceleration at the edge of a spherical region of arbitrary scaled physical radius 

rp around an observer can be constructed by Newtonian gravitation: 
 

 �⃗� =
𝐺𝑀

𝑟𝑝
2 −

𝐺𝑀′

𝑟𝑝
2 = 0 

 

In the standard Newtonian Friedmann derivation, the spherical reference frame around the 

observer is a scaled spacetime 𝑟𝑝 = 𝑎𝑟𝑖 in which all mass outside of the arbitrary radius cancels 

as per Newtonian or Gaussian gravity. As a result there is conventionally a non-zero 

acceleration at any finite distance. This is a general asymmetry of gravity even in flat space. 

In the flat-spherical universe, there exist symmetric centres of gravity at any opposite pair of 

coordinates, such as masses M and M’ relative to galaxy x in the figure. With a homogeneous 

distribution of galaxies any distant galaxy is equally gravitated away from as towards our RF, 

and so has zero acceleration. This is consistent with the basic assumption of the model, the 

constant wave velocity of expansion and radiation in Huygens’ Principle, and is itself another 

inversion of the symmetry: instead of the outside mass cancelling, the outside acceleration 

reduces to zero: 

 
Figure 1: Symmetric centres of mass at opposite co-moving coordinates produce cancelling 

gravitational accelerations at any observed reference frame x. The scaled distance xs governs 

the inverse square law for gravitational effects from the earlier epoch. This is equivalent to the 

Friedmann equation with a zero solution. 

A cancellation of gravity at the cosmological scale would make sense in terms of a similar 

effect that occurs at the subatomic scale, for which the eloquently bashful Frank Wilczek and 

others won the Nobel prize: as quarks approach each other in the gluon-rich environment of a 

proton or neutron, they experience a diminishment of the strong force, an asymptotic freedom 

so that as they brush together, there is no force. It’s a simple solution that explains a lot.  

M 

M ’ 

O’ 
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An asymptotic reduction to zero gravity, cancelling as the distribution of matter tends to 

homogeneous above the intergalactic scale and then to symmetrical at the truly cosmological 

scale, would also explain a lot; in fact it would explain the problem that both Einstein and 

Newton could not answer: how does a static (or inertial) self-gravitating universe not attract 

upon itself? Try this: If it attracts equally upon itself in all directions, it doesn’t attract at all.  

This can only arise by having the dynamic of an expansion. If you have an expansion, it can be 

constant, and might as well be: It’s the natural behaviour of a wave to travel at a constant speed; 

constant speed is a law of nature; even if (as in this case) all velocities have this same speed, 

with projections of relative speed into our perspective as per the construction of Huygens’ 

principle.  

It’s also the natural behaviour of things that fall inertially in a gravitational field, which the 

energy dynamics of this model most resembles. Potential is converting to kinetic, and both dark 

matter and dark energy are increasing with the radius of the universe. Kinetic energy is acquired 

not by acceleration, but by accumulation of mass-equivalent. This system is dynamic, and it is 

inertial; it does not matter even if we are accelerating, as the velocity of light would accelerate 

with it, all our instruments would re-calibrate to the new electromagnetic settings, and we 

would be unable to detect the difference or tell it from a constant velocity of expansion. It is 

the most efficient, least-assumptions, simplest theory I have ever seen that derives both special 

and general relativistic results. 

There are a number of ways that this idea could fail, certainly, but as John Barrow suggests in 

his marvellous historical review of scientific cosmologies, The Book of Universes, for us to 

know if our universe could have been otherwise, we need to produce examples of ‘other’ 

universes and compare them. In many respects, including a good handful of empirical 

comparisons, this theory works well as a model of this universe, at least I’m prepared to argue 

for it. 

 

 

A related idea is that an effect of motion could be to break the concentric expansion pattern 

into a tightly wound spiral pattern relative to an observer as an additional effect of perspective. 

There is a tantalizing visual appearance in the Sloan survey of a large scale tightly wound spiral 

structure encompassing all the visible galaxies: 
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A map of the distribution of galaxies in one slice of the sky from the Sloan Digital Sky Survey. Each 

coloured dot represents a redshifted galaxy. Although the distribution tends to uniformity on the largest 

scale, there is the appearance a concentric pattern around our observation point. This may be an 

artefact of the analysis applied in the SDSS, or it may indicate successive turns of a spiral-form light 

cone viewed into the past of the expansion. Re-analysis would need to allow for galactic evolution and 

migration between successive repeat cycles, ie every second ring may be the same hemispherical 

segment seen at an earlier age.  

 

Unlike trees, the age of the universe may possibly be counted by each second ring. 

As well as this visual evidence - which until properly analysed can be regarded as no better 

evidence than Lowell's "canals" on Mars - it is now known that there are mirror symmetries in 

the cosmic background reveled by the WMAP survey satellite (reported for example by Finelli 

et al. 20124) which have not been explained by conventional astrophysics. It is possible we are 

seeing repeating structures in light that has travelled several times around the universe, 

including at least one turn in the phase associated with the CMB. If so, this would imply that 

the universe is much smaller than previously thought, with much of the more distant universe 

simply a repeat of the near universe contained within a half turn of the spiral. I am aware that 

this controversial idea is already at large in some form in the cosmology discussion community 

but I can't find a better empirical reference than Finelli and related work referenced by him. 

This pattern derives from the geometry of the light cone that surrounds a stationary observer in 

an expanding spherical universe. A light cone is the locus in spacetime of all objects visible to 

                                                 
4 Journal reference: JCAP 07 (2012) 049 http://arxiv.org/abs/1111.536 
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an observer at any moment. Look up into the night sky: what you see is a four-dimensional 

light cone. In a rectilinear universe, the further you look out into space, the further back in time 

you see. In an expanding spherical universe, the light cone extends around the circle of three-

dimensional space and spirals deep into four-dimensional space.  

We still can’t tell though if the universe is finite-unbounded or bounded-infinite. If the former, 

with a powerful enough telescope you could possibly see around the curve of this vast shock 

wave to the antipode, and with more power still to the next, which would look like the back of 

your head or the space where it might have been about 13 billion years ago. Further still, and 

you're seeing the same line of sight from your location but at even earlier ages.  

If the universe is bounded-infinite, as you look out into space, you just keep looking. There’s 

no possibility of looking back to where your star once was, because it’s not a closed spherical 

coordinate, it’s an open one. I like the inductive simplicity of this, the absence of an assumed 

analogy to terrestrial geometry, and the absence of a real limit. It restores infinity to the real.  

But it may just be that both cases are true in their own right. You can invert curvature, it turns 

into energy, and both ideas, curvature and energy, are valid descriptions. There may even be 

many equally valid and empirically correct theories, but I’m guessing that only these two, 

inversions of each other and with other related symmetry-inversions, are necessary.  

In either case you would be looking out along hyper-spiral light cones in the visible universe, 

with hyper-spherical manifolds in the observable sense, so it’s a very useful result that goes 

with this kind of thinking, that you can keep the same picture in mind. 

The mathematical terms defined in this theory, in the separate thesis I mentioned, rely on only 

two assumptions, both of which depend on the constant velocity of light, and which amount to 

a form of hyperspherical relativistic Huygens’ Principle. The resulting cosmology has a number 

of very surprising correlations to the standard model, including the correct Hubble constant, 

critical density and the correct proportions of kinetic and potential energy as correlations to 

dark energy and dark matter, that can best be examined in that document.  

∞ 
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t may now be possible to form a mental image of the universe as a dynamic quantum 

superposition of all possible past and present states. How do we picture a universe which 

contains all outcomes of everything that has ever or could ever have happened? 

Consider the two-slit experiment again. A particle such as an electron can pass through either 

of the two slits, and the probability distribution that describes this degree of freedom actually 

does pass through both slits. In a sense, the world splits at every opportunity. Advocates of the 

many worlds hypothesis often give the impression that the world splits into separate realities 

which exist alongside and independent of each other, but it’s not as simple as that: Having split, 

the two probability waves coexist and are free to interact with each other, forming a complex 

interference pattern from two simple diffraction patterns: The result is that the many worlds 

coexist in a single reality which grows more complex at each split. 

Scaling this idea up to the entire history of the universe is not beyond the human mind’s grasp. 

We don’t need to try to picture the details, our intuitive faculties are geared to see patterns and 

appreciate complexity as a totality, not as a sum of little bits. If necessary we have the 

mathematics of complex Fourier analysis to break the complex wave down to its component 

parts and analyse them individually, but this reductionist approach is useful only up to a point.  

With all possible outcomes evolving together, the quantum wave function becomes incredibly 

complex yet retains a wholeness and unity that the action of consciousness is able to deal with 

visually, because it is exactly what we see in our world. We experience only one aspect of the 

totality of this complex wave function, but we see in it the pattern of many worlds interfering, 

canceling and reinforcing each other. Without this interaction the one world we experience 

could not be such a complex and interesting place. 

This is at least one explanation for the evolution of complexity in nature, and is an area where 

science is in competition with most of the world’s religions. Creationism in particular holds 

that the world was created complete, in a form not far different from how it is today. Quantum 

cosmology broadens that idea to allow the process of creation to continue throughout time as a 

dynamic pulse or wave front of symmetry breaking, evolving by repeatedly adding to itself as 

it travels through the void. 

It could be said that the most fundamental aspect of reality is ongoing change associated with 

a search for equilibrium. Evolution is the sum over history of the total change process, and all 

structures, not merely organic life, are products of evolution. With or without an all-powerful 

creator, there is a direct line of ascendancy between living things and the rocks and gases of 

the primeval Earth, the ancient supernovae, and the materials and processes of the early 

universe. The distinction between living and dead is simply an accident of history. 

 

The term “observable universe” is somewhat misused. It doesn’t mean we do observe it. It 

means we can observe it, in the sense that light, gravity and particles from that part of our 

immanent universe can eventually reach us. The observable universe is within our horizon and 

the facts of its existence are traveling to us as radiation-gravitation.  

In contrast the visible universe, or spacetime, is everything we do see at any instant, as we look 

out into our own immediate reality and light arrives at that moment. We see a time-ordered 

I 
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range of increasing distance in decreasing past time, all of which was unseen but observable 

until this instant. It is a view that by definition almost reaches the particle horizon, which is 

hidden in the Big Bang by the hot soup of the CMB. It is the observed part of the observable. 

The observable universe is a much larger space than the visible spacetime, but it is timelessly 

present, evolving with our own present. It’s a strange fact that comes out of the analysis, either 

standard model or this flat-spherical idea, that as you expand the past, the present is much 

bigger, by a factor of about three. Einstein derived it as exactly 3. The standard model now has 

it at about 3.17, a factor based on the integration of systems of energy underlying the curvature 

since the beginning.  

In the flat-spherical theory the observable scale factor works out as exactly , 3.14159.., the 

ratio of the circumerence to the diameter. You get this by a direct derivation from special 

relativity, the strange universal contraction-dilation effect that nearly rolled me off my desk, 

with a tractable solution and a beautiful shape in itself, if you’re into differential geometry: 

 
Comparison of CDM and FS observable distance/velocity metrics. This positions the FS model in the 

correct range of CDM solutions but with a significantly different overall curvature in the mid-range. 

Notably this is the range z > 0.1 in which discrepancies in early standard model became evident.  
 

 

s/S = 1 
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Proper and contracted-dilated spacetimes. The worldlines diverge, reconverge and then diverge again 

in absolute terms as time goes to zero. The relative scale of the divergence increases without limit. 

 

  
Spherical Huygens geometry of the scale-factored cosmos, with perfect circular-linear approximations 

and strange non-linear relativistic corrections. Scale factors greater than one are future time. There 

are two horizons. 

 

This is a fairly profound result given the ubiquitous presence of spirals and spheres in nature. 

Spirals occur as a consequence of natural growth and decay, appearing in everything from the 

morphogenesis of vine tendrils and sea shells to the gravitational collapse of galaxies in space. 

Going further than science would normally permit, we can observe that growth and decay are 

the twin principles of the Taoist idea of a unified cosmos, the Confucian Yin and Yang of the 

Great Extreme, known by its actual name of Tai Chi or by its unknowability in Zen. From this 

point of view, and considering an expanding-evolving onion-layered hall of mirrors as a model 

of the mind, it is no surprise at all that the universe could be like this. 

 

This is all becoming a little speculative, and serious readers will probably start to tune out at 

the mere mention of time travel. Paradoxes such as the possibility of returning to the past to 

murder your grandfather have relegated time travel to the science-fiction basket, and perhaps 

rightly so. It depends on how you define time. 

0 
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In the version of quantum cosmology just described, time does not exist as a genuine physical 

entity or dimension, it is just a parameter for measuring processes which have their own 

regularity and variability. The fourth dimension of the expanding universe is simply another 

degree of freedom for extension, not even a dimension of space. 

If (and this is a big if) a traveller could step from this universe into a neighbouring parallel, she 

might find that very little is different. She might meet herself, but there would be no paradox 

in it because this other self is literally a separate person, in a universe which is separately 

evolving along similar lines. She could even travel back to a relatively distant universe in which 

she has not been born yet and (hypothetically) murder a man who looks like her grandfather, 

but he is not her grandfather, he’s just a separate slice of the evolutionary series that includes 

her grandfather. 

Travelling further distances back in time, you might start to see differences in the historical 

series. The big buzz, ongoing in origin as it must be, may be slowly changing, in which case 

distantly separate universes would not have a common origin and would be free to evolve along 

different lines. There may be distant realities in which William the Conqueror lost the Battle 

of Hastings, or the Dutch colonised Australia. Even if the origin is a constant and unchanging 

pure note of some unimaginable unity, evolution is not a deterministic process and is likely to 

produce radically different outcomes from the same starting point. This evokes the idea of a 

multiverse evolving according to the principles of something like a grand piece of natural 

music, a powerful metaphor for meaning in an otherwise meaningless universe where no 

history is absolute. 

This is becoming almost intolerably speculative, more like the epic-mythic cosmologies of 

Michael Moorcock than science, but there may be dynamic relationships between neighbouring 

realities that keep them similar to each other – a resonance that maintains a partial similarity 

between wavelengths, for example. The brane theory of a graviton that is independent of any 

individual universe seems to be of this sort. It would prevent neighbouring realities from 

radically diverging and could ensure that an adjacent universe is very much like this one, but 

it may also prevent a traveller from taking small steps due to the sudden discontinuity that this 

would cause. There is also the problem that a step into the next universe would result in your 

coinciding with the body of your neighbour-self, which would probably kill you both. 

 

Perhaps most importantly, the cosmology outlined above provides an open-ended opportunity 

for conscious observers to continue to travel in time in the usual way, by existing, with no limit 

in a future Big Crunch or Big Rip endgame. A linear and constant-velocity expansion is not 

subject to acceleration, either as hyperinflation or matter-dominant deceleration and collapse. 

A universe such as this guarantees a persistent future for the evolution of intelligent life and 

ongoing exploration of the cosmos by observation, travel and communication. 

The future event horizon expands in the same sense as the expansion of past time, and is 

currently, at least theoretically, the same age into the future. The coordinates of the future are 

negative solutions of the (squared) metric, which includes singularity crises and then imaginary 

solutions where future relative recession velocities exceed c relative to us. This occurs at a 

scale factor 𝑎 = 2, when the universe is twice the present age. 

As we age, the future event horizon also ages. Yet it is finite, at the limit of infinite coordinates. 

It is dilated and contracted relative to us, with Huygens-Epstein symmetries. 

This may be whimsy or myth after all. Certainly it is a suspiciously optimistic cosmology. In 

contrast, the standard model CDM inflationary expansion is philosophically terrifying, 
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morbid even, in that it implies a contracting time horizon for the observable universe, a 

contraction of our empirical reality to a limit at the local galactic scale, or worse: under 

hyperinflationary models the contraction would proceed down to the solar scale and ultimately 

destroy the fabric of our own neighbourhood.  

If the universe is as I describe it, we need not fear this fate even in trillions of years. The 

universe would always be in finite total exactly twice as old as we know, and as we move 

through time we won’t move towards that end-time, it would expand away from us.  

There is not much point in going further with these kinds of speculations. The main point of 

this is to show that separate parallel realities are not only possible but highly likely under this 

kind of quantum cosmology, and to mark the point at which my own educated skepticism 

compels me to stop. 

 

∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞∞ 
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Backlogue 

This is an attempt at piecing together a research idea I had as a student, again about 24 years 

ago. The idea follows from some then-recent work on the cosmic microwave background, with 

a middle section on consciousness and cognition, both of which are fields almost completely 

unrelated to engineering, which I was supposed to be studying. 

I think I knew I was just playing with these ideas; I was having an extremely creative fun time 

doing environmental science and engineering at UNE and this was more or less a hobby to me, 

playing with theories and mathematics, not thinking of a research career, knowing I would not 

be taken seriously in my second year at a small university. I was, as you can tell, interested in 

pretty much everything but not trying too hard. 

The research I’d picked up on was a map of data from the cosmic background explorer (COBE) 

satellite. COBE provided the first detailed glimpse of the patterns in the cosmic background, 

the thermal signature of the early universe or “afterglow of the Big Bang”. Maybe you 

remember, even if you don’t necessarily read scientific journals it was big news. 

As well as all that amazing structure, the map showed a small and gradual variation in 

temperature from one end of the sky to the other, which was interpreted as a Doppler effect 

due to the satellite’s motion: the warm end of the sky is spectrum-shifted towards blue because 

the satellite is moving in that direction, so light frequencies in that direction are slightly higher. 

The actual velocity worked out at about 600 kilometres per second, which was surprising. A 

velocity like that (0.2% of the speed of light) had to include not just the satellite’s motion 

around the Earth, but also the entire relative motion of the Earth, Sun and Milky Way galaxy. 

At the time there was an idea that this high velocity indicates that our galaxy and the entire 

local group of galaxies are falling gravitationally towards a nearby supercluster of galaxies, an 

immense collection of individually vast objects known as the Great Attractor. The better 

evidence now is that we don’t actually know why we are moving so fast; possibly it’s part of 

the extra accelerations associated with dark matter, but it remains an open question. It’s not 

part of the overall redshift pattern of the expanding universe. 

This was never the main issue with the COBE data, rather scientists were and are more 

interested in the grainy texture of the background, indicating the beginnings of structure in the 

early universe. It was our first evidence that the background was not perfectly uniform in every 

direction, there was a pattern in the early distribution of energy and matter, and overlying it 

almost incidentally there was this 600 km/s relative velocity. 

600 km/s is pretty fast, but it was the observation itself that surprised me, that we could detect 

this velocity at all. We’re talking about radiation from the entire universe at its earliest stage of 

evolution. It is so smooth and uniform that the structures it reveals can be regarded as almost 

perfectly homogenous, at a time when the gravitational process had only just started forming 

the clumpy gaseous regions that later became galaxies, well before the first stars were born. It 

is a lasting image of the entire universe before its differentiation into the relative motion of 

objects such as planets and satellites. To a very high precision it is flat, empty and on the large 

scale almost motionless overall. 

With a figure of 600 km/s of the Earth relative to the COBE blueshift, we no longer had to talk 

in relative terms of our motion compared to the Earth, or the Sun, or the galaxy: we now had a 

near-motionless reference frame that included the entire universe at its earliest stage. Like the 

old schoolboy game of writing a street address to include the Country, the Earth, the Solar 

System, the Galaxy, the Universe, suddenly the ultimate location had a valid postcode, 600 

km/s, and it seemed strange. 



68 

 

I had just gotten used to the idea that there is no absolute state of rest or motion in the universe, 

so you can’t say that we have some specific velocity relative to empty space: according to 

Einstein’s relativity, there is no such thing as empty space of absolute zero velocity, because 

there is no universal reference frame, only our individual relative ones. 

Through the COBE data it seemed we now had a reference frame whereby we could compare 

our motion to the motion of any other object (a distant galaxy say) and so determine its motion 

relative to the background as well. You can do this with anything you choose as a reference 

frame and it’s always supposed to be just purely relative, but the COBE blueshift, for the 

reasons of its uniformity and stationarity, as well as its profound originality at the beginning of 

time, could easily be regarded as a universal reference frame. It’s just that this is not supposed 

to be possible. 

So, like any committed undergraduate trying to understand Einstein I wrote a huge amount of 

almost entirely incoherent pseudoscience, complete with reams and reams in appendices of 

mathematical formulation, until I concluded finally that the universe is an expanding spiral 

onion and quietly buried it while I got on with my engineering career. There’s no call for this 

sort of stuff and I could not take it seriously. But as well as this one core idea, I explored the 

realms of cosmology and quantum physics, delved into the problems of consciousness that 

these subjects have as paradoxes the way dogs have fleas, all the while knowing it had to be 

wrong. 

Eventually though I realised there was one thing that all these ideas had in common, and which 

made a lot of sense in my “other career” developing as an artist or occasional science fiction 

writer. This was an idea about perspective, which I saw as an aspect of the human condition 

and completely bound to consciousness in the way that it limits and conditions our experience 

of reality. So looking at it now as a problem in visual perspective, a very different geometric 

idea from Einstein’s, and finally graduating with an engineering degree I had both the aesthetic 

and the methods: I used 3D technical drawing techniques to dissect a 4D model of the 

expanding spherical cosmos on paper, I smuggled in what I now knew about dimensional 

analysis from fluid mechanics, but still I found myself digging uselessly deeper and deeper. 

Not really bothered, I abandoned it for a long, long time. 

I came back to it again about fifteen years ago, tried to formulate it from an environmental 

perspective, failed and had to bury it again, but the writing was at least coherent so I took 

courage and went on to my PhD. Water resources and environmental conservation, triple 

bottom-line accounting, ya-da-ya-da stakeholder engagement, buzzword after buzzword in 

which I nearly drowned. Writing a PhD is like climbing an iceberg in the dark, the only thing 

I can recommend about it is getting it finished – a bliss that lasts for about a year before reality 

sets in. 

Finally though, I had to get this one great, crazy idea of mine out there, so I’ve decided to fess 

up and tell it like it is: an unfinished, undergraduate unification of quantum mechanics and 

relativity, which has certain points of evidence that I could look into, IF I was a properly 

qualified research physicist, and IF I ever take it seriously. I may one day, but not yet. 

The real point of this is to finish the essay that I wrote 15 years ago, which can be read as a 

primer into some very mysterious topics of cosmology, quantum mechanics and artificial 

intelligence / neuroscience that I was by then reading in my attempt to understand the 

measurement problem in quantum cosmology. The observation problem  is a technical paradox 

which among other things requires the existence of conscious observers to explain the existence 

of fundamental particles, implies multiple parallel universes at the other end of the scale, and 

generally calls into serious question the nature of observation. I walked from one end to the 
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other of this big idea, setting out my own explanations of quantum mechanics and relativity 

and all the rest of that strange, amazing stuff, and in the process rediscovered my one great idea 

for what it is: a profound cosmology, I am not too modest to admit, which makes a kind of 

strange sense and is actually a lot of fun to think about. 

I’m still taking a very personal approach to this, and I’m not worried about academic 

conventions. I don’t care if it’s right or not, just that it reads well and makes sense. If you’re 

reading this you may well be trawling through my blog, Backlogue, so welcome and feel free 

to have a look at the pictures, music and other writings as well. 

I explained to a friend just recently, as a child I had two of the great old Time-Life books, The 

Universe and The Mind, and I’m still trying to read and understand them. This essay, like The 

Tao of Physics by Fritjof Capra or almost anything by Paul Davies, tries to explain these 

mysteries in terms that highlight the paradox and yet allow a deeper way of relating to it: Capra 

by his eastern parallels, Davies through the sheer clarity of his explanation, and in my case by 

an idea of the limitations of human perspective, that can be re-imagined to see the mind of a 

creative universe and to hear, as the source of all energy, the enormous voice of a dynamic 

spacetime. 

 

Michael G Evans 

Newton Street, Armidale 

December 2018 
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Quantum Cosmology 

Joke peer-reviewed abstract: not a good idea! 

 

A Unified Description of Quantum Mechanics and Relativity, Incorporating Recent 

Cosmological Data and Observations on the Nature of Consciousness 

 

This essay is an extended review of the observation problem or wave-particle duality in 

quantum cosmology, including an unqualified but highly imaginative re-examination of 

theories of mind and the physical universe, supported by empirical observations of COBE and 

Sloan Sky Survey satellites, with recent developments in neuroscience. Large-scale concentric 

spiral patterns in the distribution of galaxies and non-relativistic mirror -symmetric dipoles in 

the cosmic background microwave radiation are explained as repeating time-sequenced 

images of galactic space in an absolute manifold Kaluza-Klein or brane cosmology. This 

implies a universe of far smaller spatial size than current estimates, while supporting theories 

of the present age of the universe and the quantum mechanics of perception, hence suggesting 

possibilities for intergalactic travel. The overall structure of the cosmos is regarded in this 

perspective as a parallel to the basic paradoxes of conscious intelligence and of life in general. 
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Or better: 

 

Inertial Flat Spherical Expansion: Correlations with Inflationary Cosmology  

M.G. Evans 

The University of New England 

 

Abstract 
An 𝑥4 − 𝑥0 cosmology with conformal scale factor  combining flat and spherical symmetries in 

inertial expansion at light speed is compared to inflationary theory and data. This manifold derives 

from Huygens’ Principle applied to expansion and radiation at equal and constant light speed. The 

combined action develops as a plane waveform with 3–spherical elements, on the large scale tending 

to an open spherical curvature. Any antipodal point is a singularity corresponding to a relative plane 

area at the observable radius 𝜒 = 𝜋𝑐𝑡𝑜. The conformal factor derives from relativistic effects with 

similarities to Milne and Kaluza–Klein cosmologies. Derivations test a number of alternatives, 

including ranges of density converging on critical, for best fit to flat and spherical symmetries evident 

in cosmological energy and geometric data. 

 

As with Milne & Kaluza–Klein cosmologies, this model accurately derives redshifts, Hubble values and 

a number of other effects, but comes at the expense of gravitational dynamics: since the velocity is 

constant at c, the cosmological acceleration due to gravity is zero. Despite these significant departures 

from the standard model, a number of correlations with standard theory and available data are found: 

Redshift anomalies in the CMB dipole and Snae Ia data are eliminated without accelerations or excess 

peculiar velocities; redshift and magnitude curves are similar to standard candles with zero 

acceleration; and component Lagrangian energies escalate to values similar to CDM proportions of 

dark energy and dark matter at critical density.  

 

These results are examined as an independent working model of dark phenomena. Special relativistic 

effects derived on a Huygens wavefront with Epstein projections scale up to a Minkowski cosmological 

spacetime with metric–invariant co–moving coordinates. Metric arc–lengths and intervals are 

contracted and dilated, producing finite relative horizons: all moving reference frames have a unique 

antipodal horizon with Euclidean area–law and infinite–unbounded non–observable spacetime beyond 

that distance. In visible spacetime, the observer is at a relative centre of finite space and past+future 

time horizons (particle and event horizons). Time limits are relatively changing, by expansion in the 

same sense as space, with a receding future horizon. This has the dimensions of acceleration. 

 

Special and General Relativistic methods of distance and velocity are compared to the corresponding 

flat-spherical formulae. The CDM conformal integration and the relativistic Doppler effect are 

closely matched by the integrated FS metric and recession velocity redshift of this theory, with 

proportionally smaller distance-velocity distributions beyond z ~ 0.1. This is consistent with the 

hypothesis of zero acceleration, based on an independent theoretical form of the cosmological redshift. 

This cannot be dismissed on the same terms as failed matter-dominant theories, which use the 

theoretical structure of CDM but with empirically eliminated parameter ranges. The parameters of 

the FS model do not depend on those failed energies, but use the redshift data to construct coordinates 

and then use those coordinates to inertially model distances and velocities.  

 

The combined flat (Euclidean–unbounded) and spherical (angular arc lengths and distances) symmetry 

of expansion is equivalent to an inertial kinematic wavefront accumulating mass-equivalent at critical 

density. Relativistic dynamic effects derive from equal waveform motion in 3–space + 4–radial  space-

time, developing a relativistic spiral light–cone with angular co–moving coordinates similar to the 

Lemâitre–Hubble expansion and FLRW metric. Scale factors derived on the manifold produce 

curvatures resembling the magnitude and redshift of type Ia supernovae, with a flat CMB horizon. 

Expansion energies and mass–equivalents increase functionally with Hubble radius by evolving from 

potential to kinetic energy in a form of free fall. Integrated expansion kinetic and gravitational potential 

energies produce inflationary dark components with zero Friedmann acceleration. Observable distance 

and velocity limits scale conformally as 𝑅 → 𝜋𝑆 and 𝑣 → 𝜋𝑐. 

 

Keywords: Flat-spherical Cosmology, Spiral Light Cone, Inflationary Critical Density, Kinetic Dark 

Energy, Dark Matter Potential. 
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