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1BAbstract 
Alain Connes described automatic evolution in non-commutative 

measure spaces in his paper ‘Noncommutative Geometry Year 2000’ 
summarizing progress in that field, and this was a puzzle or riddle to the 
author for years.  The notion some higher-order algebras have built-in 
evolutive properties appears central to the arguments of Connes, but the 
explanation given was so abstract it eluded understanding by me and others.  
I read Connes’ words again and again, and later became a champion of this 
idea to other researchers in papers and conference presentations.  People 
falsely imagine it has no relevance in the real world, because of our limited 
perspective as creatures walking the face of the Earth and lacking the 
quantum-mechanical perspective of space as something dynamic.  But 
grasping intrinsic time may be crucial to survival for people exploring and 
working in outer space, and essential for understanding the early universe 
and quantum gravity.  So this paper examines how the ‘intrinsic time’ of 
Connes is connected to both abstract Maths and real world Physics. 
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“Noncommutative measure spaces evolve with time!” – Alain Connes 

2BIntroduction 
One of the first papers I took a serious interest in, after discovering arXiv, was Alain 

Connes’ “Noncommutative Geometry Year 2000” which summarized progress in that area of 
Math [D1D].  I read it again and again, though it was quite beyond my level of expertise, getting 
a little further and grasping a bit more each time.  I got stuck early on the first reading – 
shortly after reading the passage above.  I knew I had read something important, but I did not 
know exactly what it was, or how significant it would turn out to be.  Nonetheless; it became 
an organizing point for my ideas, since I find value in the notion quantities or spaces can 
intrinsically evolve, and quantum mechanics supports this.  Later I championed the idea of 
intrinsic time in papers [D2D] and in conference presentations [D3D].  But I was not entirely alone.  
P.C. Kainen wrote [D4 D] that evolutive properties inherent in the octonions are more of a 



blessing than a curse to Physics – though non-associativity (which engenders their dynamism) 
makes that algebra difficult or tedious.  Using the octonions does not make things intractable.  
But it does provide a basis for automatic or canonical time evolution that may aptly explain 
how the early universe emerged cosmologically – which we can call intrinsic time or Connes 
time.  This mechanism is utilized explicitly in the theory of Aikyons developed by Tejinder 
Singh [D5D].  And notably; this work echoes my own theory that the laws of Physics arise from 
the totality of Maths [D 6 D] and largely agrees with my talk at FFP15 [D 7 D] and subsequent 
publications [D8D] that treat gravity as a process of condensation. 

We imagine both numbers and spaces just sit there, but this oversimplification is a 
falsehood born of ignorance.  From Quantum Mechanics, we learn that both uncertainty and 
variability are irreducible quantities.  And Real numbers are a subset of a larger palette, the 
normed division algebras.  They are just the portion of the number spectrum that solidifies or 
congeals to retain a constant identity.  From real to complex numbers and then to the 
hypercomplex quaternions and octonions; we see dynamism increasing from directionality 
and variation to sequentiality and evolution.  But Connes’ observation may imply that 
evolutive properties gave rise to stable conditions instead of the reverse.  Asking “what if 
higher-d intrinsic time dynamism came first?” could help us understand the cosmos’ origin.  
In this case, geometric evolution drives Physics; so we must ask “what makes geometry 
evolve?”  In the Big Bang model; a small dense cosmos expands to the current size, so we ask 
“how small and dense can something be?”  The densest structure possible, the Leech lattice, 
exists in 24-d.  A 24-d unit sphere (i.e. - with radius 1) is much more compact than the 3-d 
version, almost point-like.  It is as dense as something can possibly be.  Conversely; a sphere 
has its greatest (hyper-) surface area in 8-d and its maximum (hyper-) volume in 5-d.  So, if 
higher dimensions play a part in the universe’s origin because of higher-d Physics; a tendency 
for spaces to evolve in intrinsic time could drive inflation to find geometrical maxima (in Fig. 
1 below) forming a 5-d volume leading to a 3-d cosmos in 4-d spacetime [D9D], as is seen in 
DGP gravity [D10D], in cascading gravity [D11D], and in other theories [D12D]. 

 

The generating equation 1r =  yields the family of unit spheres nS , where n  is the 
(hyper-) surface dimension and the sphere’s filled (hyper-) volume is 1-d more. 

 

      
Fig. 1. The n-sphere (hyper-) surface area (on left) peaks near 7 (an 8-d 7-sphere) and drops 
off afterward while (hyper-) volume peaks for a ball (space contained by a sphere) in 5 
dimensions (the 5-ball), so the unequal maxima might drive geometrogenesis and inflation 
to seek a 5-d volume in the early universe – a parent or precursor of 4-d spacetime. [D13D][D14D] 



Starting from higher dimensions provides a route to familiar spaces, if dimensionality 
evolved cosmologically.  And Quantum Mechanics informs us that space is dynamical, as 
well.  But the early universe and the microstructure of spacetime remain mysterious.  The true 
implications of intrinsic time, and its impact on real-world Physics, are therefore obscure.  
Work in this area is somewhat speculative.  The subject is poorly understood and the territory 
relatively unexplored.  One reason is that when geometry becomes non-commutative we must 
set aside familiar tools which simplify calculation in ordinary algebra and learn new rules for 
the order operations are performed.  In addition; assumptions about size and distance also 
change upon entering non-commutative spaces.  But Connes talks about “totally unexpected” 
features that have no counterpart where motions and measurements commute, in the non-
commutative spaces which quantum mechanics affirms to exist.  Many say “so what?” and 
falsely imagine it has nothing to do with the real world.  Physics researchers who should 
know better ignore the importance.  It is almost pervasive.  By invoking higher dimensions to 
explain things; we bring along features like intrinsic time evolution not present in the 3-d 
space (plus Classical time) we imagine we inhabit.  Talking with Tevian Dray at GR21; he 
agreed that near the Planck scale or the rim of a black hole, geometry unavoidably becomes 
non-commutative and then non-associative as we approach [D15D].  But when I asked why this 
fact is ignored by physicists he said that most don’t know it is a problem and most of those 
who do don’t know how to handle it yet.  Many people are unaware they live on an island 
where things are simpler.  This paper will address that issue somewhat. 

An objection is often raised that we have no need to invoke higher dimensions to 
explain reality, and that it is silly to talk about numbers and spaces that change on their own, 
because experience shows otherwise.  And indeed; if we take a bottom-up approach where the 
Octonions (for example) are seen as a construction from lower-level primitives that are 
known to have stable and consistent identities, this view appears quite sensible.  And then 
there are questions arising in a calculational view of reality like “what does the calculating?”  
This also appears to be a hard objection to overcome.  However; I was fortunate to ask 
precisely that question of Gerard ’t Hooft at FFP10, back in 2009, in regards to his Quantum 
Gravity theory based on cellular automata, and his answer brings insight.  He said that we do 
not need Planck scale atoms of space or an extra-dimensional supercomputer to do the work 
“because the laws of nature do the calculating for us.” [D16D] This is exactly what we should 
expect, however, if geometric figures and spaces encode the nature of their defining algebras.  
In that case; what we see as quantum-mechanical uncertainty is evidence of properties 
inherent to the space in which interactions happen – i.e. the spacetime we reside in is non-
commutative.  Therefore; the directionality of the algebra and its strict dependence on prior 
states or operations creates a ratcheting effect that implies irreversibility.  One cannot go back 
to prior steps, once additional steps are taken.  This sensibility arises in non-commuting 
algebras, like the Quaternions, but it is even more strongly evident in algebras that are non-
associative like the Octonions.  That gives us plenty of territory to explore.   



3BA Layman’s Explanation 
We take a lot for granted, here on the Earth’s surface.  A measure of stability prevails.  

Conditions are conducive to life because things are not changing too rapidly for us to adapt.  
The Earth is a settled place, though it remains in flux.  Things hold together over time and 
this gives us a body to inhabit, a globe to live on, and a Sun that will sustain the Earth for 
millions of years.  But the Earthside view is not the only real perspective, and some twists 
and turns are required to get to a true understanding of how things really are.  Perspective is 
all important!  To see a circle on the printed page in its entirety; you need to be off the page.  
It helps if the page also lies flat on the table so you can view it from directly above.  But this 
is possible only because both you and the book are stuck to the ground by gravity, so you are 
not just floating around aimlessly – occasionally getting a glimpse.  From its surface the Earth 
looks flat, for the most part.  You see its curvature only if you are on the ocean or seashore, or 
on top of a mountain.  Just as with a circle on the page; you can see its full roundness only 
from even further up – from directly above, at a distance.  Unfortunately; obtaining that 
perspective makes things more complicated, because then we can no longer take certain 
things for granted.  People assume reality is like that unchanging circle on the printed page – 
with fixed dimensions and orientation.  But is it really?  We know that while spaces and 
things are mostly static in Classical Physics; Quantum Mechanics shows us reality is dynamic. 
But even if we set aside the quantum-mechanical nature of spacetime and that of particles and 
atoms; reality is more complex than we imagine. 

We take for granted we can be oriented as we like, when making observations or 
measurements, but a sailor needs a firm footing and a good angle to navigate.  The lighthouse 
is visible only if you are well above the surface, near enough, and facing it.  If you can see it, 
and knowing how big it is; you can triangulate your distance and relative position.  There are 
variables for an observer in this scenario.  However; determinations are made by remaining 
oriented toward the landmarks used to measure position and distance with – and it is assumed 
one can continue facing that way.  This falls apart for an astronaut floating in space, when 
knocked askew and spun in complex ways.  For them; Connes’ remark becomes a physical 
reality and a visceral truth, because their measurement basis varies systematically over time.  
If you ask them “which way is up?” the direction they point will vary continuously – but 
cyclically – assuming they can point at all.  Our basis for measurements needs a constant or 
consistent frame of reference and the gyrating perspective of our helpless astronaut does not 
offer it.  To make accurate determinations, they must first reduce and regularize their rotation, 
because with multiple rotations measurement values no longer commute, but they vary over 
time – in confusing ways.  For them; what dominates any measurement process is the time-
varying component of the astronaut/observer’s own reference frame.  This scenario is a bit 
reminiscent of Ptolemaic Astronomy [D17D], in its use of cycles and epicycles [D18D], except that 
the gyrating astronaut has additional degrees of freedom. 



4BThe Basis for Connes’ Intrinsic Time 
Above we see a measurement framework where determinations fail to commute and 

measurements vary over time, which is a bit different from numbers and spaces that evolve 
on their own.  This is what Connes’ statements may imply however, in quaternionic and 
octonionic Physics, or simply as a result of the fact that uncertainty in quantum mechanics 
makes multiple measurements non-commuting variables, where the order influences the 
outcome.  In the hyper-dimensional Quaternions and Octonions; forced ordering of the 
calculations leads to evolutive properties arising because the algebras are non-commutative 
and non-associative respectively.  One gets the right answer only if the operations are done in 
the proper order.  An imaginary number is the freedom to vary by a certain amount, in a given 
direction orthogonal to the reals.  We can also think of imaginary dimensions as rotations.  
But multiple rotations are non-commuting.  Flying an airplane is like calculating in the 
quaternions in this context, because if you pull back on the stick then turn right rudder, and 
finally bank left; you will be back in level flight just a little higher and facing to the right of 
your previous heading (assuming each turn is in the correct measure).  But if you execute the 
same three maneuvers in a different order, you may end up falling from the sky, because you 
are facing the wrong way.  So a particular ordering is needed to get the intended result.  The 
rotations in 3-d space are thus seen to be non-commuting variables, and one can model this 
faithfully using the quaternions, which often simplifies calculations (and explains their use in 
video game coding).  But we find that Quantum observations are also non-commuting. 

Can we go from a scenario where things must be done in a particular order to a 
construction where things tend to evolve on their own?  For the gyrating astronaut; how they 
right themselves depends on the order and timing, as well as the direction and magnitude, of 
specific corrective maneuvers that are performed.  The trick is to fix each axis of rotation 
until you are stable.  By canceling out or halting one rotation and then another, it is possible 
to get back to a stable orientation rapidly, but doing so requires precise timing and sequencing 
– in addition to making all of the right moves.  There is an analogy to this rotation reduction 
process in the hierarchy of the normed division algebras.  The octonions are the most general, 
and the quaternions, complex numbers, and reals are proper subsets thereof as follows. 

⊃ ⊃ ⊃O H C R  
The 8-d octonions have 7 imaginary dimensions, or equivalently 7 axes of rotation.  If we fix 
4 of those 7 axes; we obtain the quaternions.  If we then fix 2 of the remaining 3 axes; we get 
the complex numbers.  And if we halt the last rotation by fixing the remaining axis; we obtain 
from the complex numbers a fraction which are the reals. 

The fixity we take for granted is seen as the consequence of numerical dynamism 
giving rise to stable-valued conditions, not a self-existing or privileged state.  Instead of a 
starting place; the real numbers are an endpoint arising from dynamism.  The view of Connes, 
inspired by Tomita, could upend conventional wisdom we must build up from fixed values to 



obtain complexity and force us to embrace a scenario where higher-order systems self-evolve 
due to intrinsic time and the physical universe we inhabit is the product of such evolution.  
And yet; though there are established facts in higher-d Math that must have a projection in the 
real world at work here, this territory is poorly understood and largely unexplored at this 
point.  How evolutive properties in non-commutative spaces do influence or help effect the 
familiar and stable conditions we enjoy is mysterious.  However it appears dynamism present 
in higher-d spaces must have an impact on all areas of Physics that utilize them – such as 
String theory.  The missing piece, in my view, that would allow the Strings program to make 
more concrete predictions about Cosmology and Physics phenomenology, could be found 
studying how directional and evolutive properties in Maths lead to specific cosmological 
expression or favored outcomes.  The octonions have sequential as well as evolutive 
properties, for example, so they may hold a special place in this. 

There are clues to follow.  My research suggests cosmology proceeds by successive 
reductions from a state of extreme variability to fixity in a manner similar to the progression 
described above for the division algebras.  Phase transitions constrain possible variations to 
allow stable portions of the quantum soup to condense.  Forms and forces are settled fractions 
of the unified field, in this view.  Combining this with intrinsic or automatic time evolution in 
the quaternions and octonions might handily explain how the universe got its start.  If we 
focus on geometric objects and spaces that are physically realizable; some generalizations can 
be made connecting the Maths and the Physics.  The domain of measurable objects and 
spaces is an island in a sea of possibilities, in this view of Maths, where the sea is that 
condensed fluid portion (which has a surface) which is the product of a larger and dynamic 
ecosystem.  But the island or continent is all that gets explored by many folks who learn Math.  
Admitting a larger spectrum or drawing from a richer palette of possible geometric forms; we 
find wonderful things that are surprising or unexpected considering only simpler and lower-
dimensional cases.  Going from a 3-d to a 4-d sphere (the 3-sphere), for example; we find a 
Möbius-like surface so its interior and exterior are connected.  This surprising fact is first 
level stuff, in terms of what is interesting.  But dynamism from intrinsic time evolution might 
be the biggest surprise we need to grapple with to study NCG. 

To prepare for the journey ahead; I offer a reframing or reiteration of the previous 
statement about common or ordinary Maths being an island in the larger view.  If we restrict 
our purview somewhat or with caveats; we can make some general statements about broad 
categories or classes of objects and spaces in analogy to the relation above describing a 
hierarchy of the division algebras, so we can write this: 

Smooth Top Meas⊇ ⊇   
Here we observe that smooth forms and spaces are a very large category or broadly defined 
class admitting many things we would not consider objects, but including as a subset things 
that have a boundary or surface, yet are fluid or deformable.  This subset is the portion of the 



smooth forms that are called topological.  But that is still not much structure; so if we add that 
it must have a well-defined metric (i.e. – grid lines) we arrive at the measurable objects and 
their associated spaces.  This gives us the directions to the island of familiar relations, as an 
analogy with the common phases of matter; so we can then write in simile: 

Gas Liquid Solid⊇ ⊇   
Now we have a complete basis to firm up our ‘common Maths as an island’ analogy.  The 
great majority of those who calculate restrict their purview to static Maths.  But the ‘intrinsic 
time’ of Connes is apparently real in a large number of spaces off the island.  So while many 
people know about only the solid or settled portion of reality, there is much more!  So we 
continue to explore what is beyond the island of common Maths. 

5BIntroducing the Technical Description 
The notion that non-commutative spaces have intrinsic time evolution is surprising, 

and Connes’ brief description in ‘NCG Year 2000’ of a “god-given one parameter group of 
automorphisms” guiding time evolution in those spaces was too vague even for many 
professional mathematicians to grasp.  When the idea first appeared in the work of Tomita 
[D19D] it was greeted with great skepticism, and only after Takesaki’s detailed explanation [D20D] 
of modular Hilbert algebras was it understood and accepted more broadly.  In the same time 
period; it became a major focus of Connes’ PhD thesis [D21D].  Then time evolution in non-
commutative spaces was highlighted in his ‘NCG Year 2000’ review paper [D22D].  A more 
detailed explanatory description from Connes of his statements on intrinsic evolution in NCG 
took years [D23D] to appear.  No wonder clarity eluded me and others.  But now it is possible to 
elucidate some details that were impossible to adequately parse before.  First the term 
‘automorphism’ can be broken down in order to define it; ‘auto’ means ‘self’ and ‘morphism’ 
is a mapping of changing form, so an automorphism maps a form or space to itself, perhaps 
after some transformation, and an automorphism group describes both that object or space’s 
internal symmetries and how it changes or has an autonomous evolution.  This evolutive 
property was first observed in von Neumann algebras [D24D], which represent a far-reaching 
extension of measure theory.  But it may have broader applicability. 

Describing the emergence of time from non-commutativity in operator algebras; 
Connes writes about “a basic formula due to Tomita that associates to a state L a one 
parameter group of automorphisms.” [D25D] Stating that “one can make sense of the map 

1( )sx x LxL−=   
as a map of the algebra s to itself, and then take its complex powers its .”  He explains that if 
one compares two bilinear forms of the algebra ( )L xy  and ( )L yx , then “under suitable 
degeneracy conditions both give an isomorphism of the algebra with its dual linear space and 
thus one can find a linear map s from the algebra to itself such that  



( ) ( ( )) sL yx L x y=  
for all x and y.”  The essence is that “when L is a faithful normal state for a von-Neumann 
algebra M, the complex powers of its associated map 1( )s x LxL−=  make sense and define a 
one parameter map of automorphisms sL  of M.”  Since there are many faithful normal states 
on any von-Neumann algebra, these define many possible automorphism groups sL , but 
remarkably they are all the same modulo inner automorphisms.  So if we take ( )Out M  as the 
quotient of the group of automorphisms of M by its normal subgroup of inner automorphisms, 

( ) ( ) / ( )Out M Aut M Int M= , we then see that it “inherits from its noncommutativity a god-
given time evolution.” [D26D] 

: ( )  Out Mδ →   
Roberto Longo explains the basic dynamics of this time evolution in more detail [D27D].  

The key observation here is that reality under Quantum Mechanics is fundamentally different 
from the Classical realm, because quantum-mechanical uncertainty informs us we live in a 
space that is dynamical, where observations do not commute.  In this framework; quantum-
mechanical observables are selfadjoint elements T of M, on a Hilbert space H, and states are 
normalized linear functionals ϕ .  So the expectation value as given by Longo is simply: 

 ( )  expected value of observable  in the state .T Tϕ ϕ=  
Here we regard algebra M as a non-commutative space.  “More precisely M is the dual of a 
non-commutative measure space” and specifically “M is isomorphic to ( , )L x μ∞  for some 
measure space ( , )x μ .”  The construction by Connes is seen by Longo to crucially depend on 
finding a densely defined anti-linear operator 0S  on H that implements the * - operation on 
M, and that as 0S  is a closable operator where 0S S=  is its closure, this allows us to see that 

* 0S S >  – i.e. the modular operator has a positive value defining a group of automorphisms 
that are the modular automorphisms.  From this we see that ϕ  displays intrinsic dynamics 
and the space of operators has a built-in evolution we can call modular time.  This evolves 
over KMS (Kubo-Martin-Schwinger) equilibrium states with a thermodynamical character of 
increasing entropy, for any positive temperature.  So this framework provides a common 
basis for the quantum-mechanical and thermodynamic time arrows. 

6BExplaining the Significance 
This shows why non-commutative measure spaces evolve, while their contents retain 

their identity, but it remains unclear whether intrinsic time is a valuable commodity.  There is 
a chasm between NCG folks and other researchers.  In “A View of Mathematics” [D 28 D] 
Connes wrote that, “A beginner might be tempted to be happy with the understanding of such 
simple examples as 2

ΘT  ignoring the wild diversity of the general landscape.  However the 

great variety of examples forces one to cope with the general case and to extend most of our 
geometric concepts to the general noncommutative case.  Usual geometry is just a particular 



case of this new theory, in the same way as Euclidean and non Euclidean geometry are 
particular cases of Riemannian geometry.  Many of the familiar geometrical concepts do 
survive in the new theory, but they acquire also a new unexpected meaning.”  Unfortunately; 
people are unaware there is an issue because they work mainly on an island of stability or 
consistency, while the bulk is caught up in variations, and they take place off the island of 
familiar Maths.  In the Disney movie “Moana” the title character faced fierce pressure not to 
go beyond the reef [D29D], because everything she needed was on her island.  But people are 
explorers by nature.  So we can learn to think of objects in relation to their quotient spaces 
and see them as specific cases of general principles.  In Cosmology dynamic processes 
deliver us to stable states or conditions, so initial variations are seen to lead to a persistent or 
enduring reality – where we are now.  Something similar may apply for Maths. 

According to Connes; intrinsic time comes into play most strongly when the degrees 
of freedom approach or equal infinity.  Therefore; it appears mainly in higher-dimensional 
spaces or in an infinite-dimensional Hilbert space, which is used often in quantum mechanics 
to represent an extended array of possibilities.  So for Physics; we would expect intrinsic time 
evolution to be a factor in the Cosmology of the very early universe, or to be expressed in the 
way the quantum wavefunction is reduced.  But in my view; it comes into play whenever 
variability exceeds fixity in a system.  So for the Complex numbers; we have variability and 
fixity in equal parts and all of the normal rules of algebra apply.  Then for the Quaternions; 
there are three times as many imaginary parts as reals, but they are non-commutative, and 
with the Octonions there are seven imaginaries and one real part, yet they are non-associative.  
This is why we might expect self-evolution in spaces that are quaternionic or octonionic, as 
an expression of Connes’ intrinsic time.  Using the Möbius-like surface of the quaternionic 3-
sphere and octonionic 7-sphere as examples; a mapping of the warp – from the inside outward 
– and of the weft – from the outside inward yield the same overall map.  So a flow started 
anywhere on the surface of 3S or 7S  comes to involve the entire figure.  This is a possible 
example of intrinsic time evolution, in an abstract geometric setting.  But using higher-d 
geometry along with quantum mechanics, as in the work of Singh and colleagues [D30D], could 
be where Connes’ intrinsic time is most strongly evident. 

For me; an epiphany came during a lecture by John Klauder at FFP15 in Orihuela, 
where he talked about how we map the infinite to the finite being the essence of Quantum 
Field Theory, as part of his lecture on enhanced quantization [D31D].  It explains some cryptic 
remarks of Connes, regarding the applicability of intrinsic or canonical time evolution in 
NCG for Physics.  Klauder’s insight is that we can see conventional QFT as how an infinite-
dimensional Hilbert space projects onto a 2-d surface with well-known and well-defined 
properties, but we can also uplift or vary this surface to create CFTs, of which enhanced 
quantization is a simple case.  This insight coupled with the comments of Connes provides a 
useful way to assess the applicability of intrinsic time in a Physics context.  For starters; it 
forces us to examine the possibility that the commutative and associative regime we take as a 



starting place might be the end product of a process or journey that started from higher-d non-
commutative and non-associative spaces [D 32 D], or somehow automatically includes those 
spaces.  This is what we must assume; if we take a radically constructivist view of how the 
universe arose.  Many people think that leaving dimensionality completely open-ended is 
untenable or unrealistic.  And yet; a large body of work in quantum gravity and early universe 
cosmology features a period of pregeometry in the very early universe, where 
geometrogenesis is an important part of the story, going back as far as Misner, Thorne, and 
Wheeler [D33D].  So perhaps in this context; Connes’ ideas automatically apply. 

To make this explicit; I will explain what is meant by leaving the dimensionality of 
space open-ended.  If we seek a background independent formulation of concepts in Physics; 
we must first acknowledge our tendency to assume specific preexisting conditions for any 
given scenario, and then make a concerted effort to resist the temptation to over-simplify.  
This is the polar opposite of the Occam’s razor principle that simpler answers, or avoiding 
over-complication, yields better results.  There are many cases where that principle is 
applicable.  But one could argue that William of Occam was talking about situations where 
human beings make things more complicated than nature really is, and not the sort of thing 
Einstein tried to deal with, by making things only as simple as they really are.  So we need to 
leave open the possibility that higher dimensions might exist, as well as that things might be 
simpler at the outset, if we are aiming for background independence.  Therefore we should 
see D as undetermined or floating, until sufficient interactions take place that serve to fix or 
determine the background space’s dimensionality.  But if a determination via cosmological 
transitions must act as a gauge fixing mechanism or serve to define geometric properties, then 
the ideas of Connes take on a new life.  Because if the associative and commutative properties 
are emergent [D 34 D]; then Connes’ statements about spaces ‘far enough from Classical’ 
possessing intrinsic time make perfect sense. 

7BUseful Examples 
To see if this applies in a broader context; it is necessary to look deeper at what it 

means to have a dual view, because it is essential to grasping what Connes is talking about, or 
assessing its applicability to Physics.  The Dirac delta is a useful example, defined as having 
an unconstrained value at the origin in real or parameter space, and a zero value elsewhere.  
The Dirac delta function, like a geometric point or a point particle, is an idealized example of 
something impossible in the real world for which there are innumerable close approximations, 
which therefore has great utility.  Geometric points have interesting properties, like infinite 
degrees of freedom.  But a shifted or displaced Dirac delta in the frequency or energy domain 
is a wavelength in the 1/ f  domain for a pure tone or wave infinitely extended in the 
corresponding spatial domain; a sine or cosine wave.  So a correspondence exists between 
things that are localized and extendedness.  This is like the wave-particle duality in Physics.  
However; wavelength decreases as energy or packet frequency increases.  A radio-wave 



photon is large compared to X-ray or gamma-ray photons, which are extremely compact.  But 
when we get really, really small, down near the Planck scale; the energy contained in a 
photon is enough to rip the fabric of space apart!  Since it would create a black hole that 
swallows them up instantaneously; it is thought that Planck-sized photons are a limit, or 
disallowed.  But finite-sized uncertainty is itself evolutive!  And the Planck scale is a natural 
limit to how narrowly-defined any quantity can be.  So there are useful things to explore, by 
combining the Dirac delta and Planck-scale Physics, though it might be mathematical sleight 
of hand.  This is possibly also true for Connes’ intrinsic time. 

The notion of autonomous evolution under intrinsic time is loosely explained by our 
example of the gyrating astronaut.  First we note that the body of the astronaut has a center of 
gravity and rotation, with various ways it can be spun and degrees of symmetry or asymmetry 
for each spin orientation.  But the form and symmetries of the astronaut are fairly consistent.  
We assume for simplicity an astronaut in a spacesuit is semi-rigid, tending to retain its form 
rather than a bag of fluid, and lacking the flexibility of a dancer or acrobat.  The astronaut’s 
preferred rotation is the same as for a skater spinning on the ice or a dancer doing a pirouette.  
This is a rolling motion if we use aviation terminology and think of the outstretched arms as 
the wings of the aircraft.  Falling forward becomes a pitch and falling sideways is then a yaw.  
But while translations in 3-space are simply additive and commutative; rotations in 3-space 
are not!  Thus an astronaut in pirouette motion becomes a gyroscope, and additional spins (a 
pitch or yaw) induce an orthogonal motion, because of non-commutativity.  This recalls my 
earlier comment that one must reduce or halt some rotations, to manage or eliminate others.  
With multiple simultaneous rotations things get complicated very fast.  This exemplifies 
crossing over from the complex to the hyper-complex regime in Physics.  Here ones measure 
space evolves because ones frame of reference varies cyclically.  This is loosely analogous to 
intrinsic time evolution in NCG, if one adopts the point of view of the astronaut. 

8BObservations and Conclusions 
The intrinsic time of Alain Connes is perhaps something which should be intuitively 

obvious – seen in the correct light – or it could be of little value for the purposes it was 
imagined to find usage.  Some of my colleagues are unconvinced, after taking some time to 
acquaint themselves with this subject and then finding it did not afford clear answers to their 
questions at the time.  There is some question of whether the intrinsic time of Connes 
provides anything useful to Physics, since it does not deal with the way we frame time’s 
evolution conventionally, and I hope this paper will clarify that.  My best answer is that it 
relates to the freedom to vary.  When variability is predominant; this may have consequences.  
Are infinite degrees of freedom a field of infinite possibilities, where anything can happen 
and something eventually or inevitably will?  Does enough variability inexorably lead to 
variations, in the absence of constraints?  It may be determined by how greatly variability 
exceeds fixity, in any system, and how the constraints come to be which allow the familiar 



associative and commutative properties to emerge.  In Physics; Planck’s constant often 
appears with the imaginary unit i, because h is an expression of uncertainty and a unit of 
action at the same time!  So variation is a built-in and irreducible property of reality and the 
cosmos.  But are there infinite degrees of freedom in the early universe with finite uncertainty?  
Does variation automatically result?  We don’t know yet. 

This paper only introduces a broader topic and a much longer discussion.  It requires 
insight to know Connes is hinting at something even grander than he can explicate, which he 
knows lies beyond the realm of our common Maths.  There is a wealth of activity to chart in 
higher-order spaces.  The goal of this paper is mainly to inform others that this territory exists.  
Many cling to the idea that numbers and spaces have no capacity to evolve on their own, but I 
think this is partly because of how Math is taught.  Nicolas Gisin echoes this view [D35 D], 
arguing that the Classical outlook is dead with respect to time and that “a formulation on the 
basis of intuitionist mathematics, built on time-evolving processes, would offer a perspective 
that is closer to our experience of physical reality.”  Scholars are fiercely compelled to stay 
inside the lines, just as Moana in the movie was forcefully guided not to explore what lies 
beyond the reef.  However; this area of study and Connes’ work validates some of the ideas 
elucidated by older master mathematicians such as Felix Klein’s ‘Erlangen’ program and 
Hermann Grassmann’s ‘prescription’ for geometry to put the elementary figures on an equal 
footing.  And it suggests something far more encompassing – that variation precedes 
constancy and that evolutory processes in higher-order spaces gave rise to simpler, stable 
forms as in Euclidean Geometry.  This requires that we examine a radically different top-
down view of Maths, but there could be rewards from examining how higher-order spaces 
evolve.  Perhaps we will learn that non-commutative measure spaces tend to evolve into 
precisely the types of geometric spaces with which we are most familiar. 

Michael Atiyah had a lot to say about this change of outlook in his Abel lecture in 
2018 and proceedings paper [D36D].  He saw von Neumann algebras as both foundational to 
Quantum Mechanics and as “creating a deep bridge between non-commutative Algebra and 
Analysis” which Connes “further refined to include Differential Geometry.”  He greatly 
affirms the enthusiasm of Connes that there is something exciting to explore in this territory, 
and underlines its applicability to Physics.  He writes “The new version of Arithmetic Physics 
that I envisage, replacing classical by quantum ideas, is infinite dimensional and is reached by 
an infinite iteration of steps.”  This bespeaks a very open-ended view of things.  And Connes 
shows no signs of stopping, in recent work, but instead displays renewed vigor for this line of 
reasoning.  His 2019 paper on “NCG – the spectral standpoint” [D37D] re-capitulated his ideas 
about intrinsic time evolution, and used them as a starting place for some very interesting new 
material.  Connes spells out the new paradigm in Maths a bit differently from Atiyah, with a 
focus on ‘spectral geometry’ as the key item for understanding, but there is a very similar 
thrust in the two programs – to uplift our outlook of the ordinary to a higher level.  This new 



outlook hearkens back to my statements on John Klauder’s lecture showing that QFT is really 
about how the infinite projects onto the finite. 

If we know that non-commutative spaces evolve with time, but we don’t fully 
understand how or why; this is deserving of further study.  This topic has fascinated me for 
years now, but only on seeing other researchers propound Physics theories incorporating this 
idea am I inspired to write more on the topic.  I needed to learn considerably more about 
related material myself, in order to write this paper.  But it has been clear for some time that 
what Connes is writing about reaches far beyond his exploratory efforts to explain the topic, 
despite his boldness and skill.  It appears there are vastly more well-defined spaces in 
Mathematics which have evolutive properties than the remainder.  But the bulk of our time 
doing Math has been occupied with objects and spaces that are special instances rather than 
the general case.  In a way we have things backwards, because we label the Octonions as 
exotic though they are the granddaddy of all numbers, while the Real numbers remain a very 
restrictive environment for handling various aspects of real-world Physics.  While it is 
uncertain whether octonionic Physics theories like that of Tejinder Singh and colleagues are 
valid; it is well-verified that some elements of non-commutative and non-associative Maths 
are a necessary element of various physical theories that we think describe the world well.  
And as I have already discussed; the footprint of hyper-complex Mathematics on Physics is 
likely to be much larger than most people would imagine. 

While people cling to a flattened view of reality; there is a wealth of information 
from higher dimensions that is applicable to the world around us.  Remarkable possibilities 
that arise from the nature of higher-dimensional spaces impress themselves on the reality of 
human beings on planet Earth.  In the case of the octonions; one need only show that the left 
and right-handed versions of a given algebra yield the same result, to show that the octonions 
possess an automatically evolutive property, canonical evolution under Connes intrinsic time.  
But they are yet more remarkable, showing what I describe as a sequentially evolutive nature 
that automatically creates a hierarchy of structure.  This makes the Octonion algebra a 
uniquely rich and fecund source of creative manifestation.  And that makes the fact they are 
the granddaddy of the other algebras profoundly significant in regards to all of the common 
Mathematics we use at the present time.  The words of Alain Connes are like the voice crying 
in the wilderness.  While he knows that Math offers us vast realms where evolutive properties 
arise naturally; he has been timid about the projection of these properties into Physics, 
describing a ‘tantalizing possibility’ that canonical time evolution in abstract Maths could 
help us discern the physical origin of time.  I am bolder in some ways, because I think 
understanding this topic might be essential to knowing time’s cosmological origin. 
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