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Abstract: 
Built upon formal mathematical systems, physical models are subject to the limitations of those systems.   
Gödel’s Incompleteness theorems state these formal systems are incomplete, and therefore so are the 
physical models built upon them.  Expanding the axioms of the formal mathematical system can resolve 
the incompleteness of the original system, even though the expanded system remains incomplete.  Given 
these two levels, of physical models built upon mathematical tools, we should consider whether we have 
adequate mathematical tools to describe physical reality and whether we have an accurate model of 
reality.  Can we find aspects of reality that expand our models and are there expanded mathematical 
tools for us to build new models upon? 

Part I – Incompleteness and Models 
I take, as my starting point, Rebecca Goldstein’s tribute to Kurt Gödel “Incompleteness: The Proof and 
Paradox of Kurt Gödel” 5.  Dr. Goldstein provides a metamathematical and philosophical perspective of 
Gödel’s Incompleteness theorems indirectly asking how these concepts impact human knowledge and 
understanding.  She gives evidence of both Gödel and Einstein’s belief in a world (abstract and physical 
respectively) beyond our senses, towards which we strive to apprehend.  They rejected the prevailing 
positivist perspective which both men fought against their entire lives.  Each held there is more to the 
universe than what we can perceive and measure and we should continue to strive toward a full 
understanding of the universe ‘out there’ – abstract or physical. 

Dr. Goldstein describes Gödel as having a strong Platonic perspective.  Let us consider Plato’s allegory 
of reality: What we believe to be reality are only shadows of actual events displayed on the wall of the 
cave we live in.  An updated expansion of this Platonic perspective could be that we use human 
devised tools to model the shadows on the wall of the cave.  Our scientific models are, therefore, 
attempts to model the reality we perceive, the shadows on the cave wall, rather than the true objects 
of reality.  (Einstein might have considered quantum mechanics as a fuzzy model of shadows on the 
wall.) 

Scientific models are couched in the language of mathematics, which consists of formal axiomatic 
systems.  Any mathematical model will be, at the very least, constrained by the limitations of the 
formal axiomatic system it is couched in.  All formal systems (capable of at least producing basic 
arithmetic) are limited by Gödel’s Incompleteness theorems.  They will never be able to prove all 
statements within the system.  The equivalent statement for a scientific model is that all equations of 
the model are not derivable within the model.  The equations can be stated and can be shown to fit 
our perceptions of reality, but they are not all derivable from the foundational postulates of the model.  
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While science might expect such models to be logically consistent and hope they are complete, Gödel’s 
Incompleteness theorems have removed the possibility that they are complete, within themselves. 

There is an upside to all this, however: Gödel’s theorems imply that formal systems (and models based 
upon them) can be re-stated in a more expanded formal system in which the incomplete statements of 
the original system are provable in the expanded one.  Therefore, while any model we can formally 
describe will be incomplete, we can always expand our formal system, re-stating our model within that 
expanded system.  This leads to the conclusion that science will continually be incomplete and we will 
be required to continually expand our models to explain the reality we perceive.  As a sort-of corollary: 
There will never be a final ‘Theory of Everything’ built upon any mathematical or logically formal 
foundation.  This means there should be work for scientists far into the future. 

This is how Gödel’s incompleteness theorems could impact science – by indicating we must expand our 
postulates of the world we perceive in order to produce expanded models of the universe.  And there 
might not be an end to this process.  

Part II – The Need to Expand Our Models 
It should also be easily understood that models never precisely describe what we see and experience – 
those shadows on the wall of the cave.  Models always have limitations and our measuring tools 
always have limits of accuracy.  We should never expect to have a model that is 100% accurate, down 
to whatever level of accuracy we could conceivably reach.  So we are faced with theories that model 
our perceptions of the world, (hopefully) are consistent, are only accurate to a point, yet are 
incomplete.  Note that this situation would remain even if we believed we were perceiving the true 
reality and not the shadows on the cave wall – our models remain consistent, only accurate to a point, 
and yet incomplete. 

It is very easy to get caught believing in a model, since it can be so consistent and appear exceedingly 
accurate.  However, since it will be incomplete (and not entirely accurate), we need to anticipate 
expanding the model in some way – or we need to expand the formal system underlying the model (or 
maybe both).  Note that we have two levels to this situation – the level of the model (Einstein) and the 
level of the formal system (Gödel) used to specify the model.  Expanding the model might mean 
making a fresh connection to reality, to something the model does not address or ‘get right’.  
Expanding the underlying formal system might mean altering or adding a foundational abstract 
concept the formal system does not prove (an axiom).  The former can be an aspect of reality such as 
the constancy of the speed of light giving Special Relativity, while the latter is more like changing 
Euclid’s 5th postulate to identify consistent multi-dimensional spaces.  Note that a change in the 
underlying formal system should directly impact any model built on that system.  Conversely, making a 
change in the model might require some change to basic foundational axioms of the underlying formal 
system.  This situation implies a change in the model could require changes in the underlying formal 
tools.  This could, in turn (in a sort-of feed-back loop), impact the capabilities of the model expanding 
what the model can encompass – even expanding what the model can measure.   
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There is no requirement that the expansion discredits the model we have caught ourselves believing in, 
since it expands the scope of the model rather than replaces it.  If the model expansion also requires a 
change to the underlying formal system, then a re-evaluation of the model (of the interpretation of 
reality via an expanded mathematical system) might be in order.  Einstein started with Special 
Relativity, which applies to constant motion.  He understood the need to expand this model to account 
for acceleration.  In his search he realized the need to find appropriate mathematical tools for the 
expanded model.  Euclid’s 5th postulate had already been expanded and the tools were already 
available.  These tools had not invalidated 3-D physical space (which would have upset all of physics), 
instead they described new spaces beyond Euclidean space (which were initially considered purely 
abstract having no reality to them) along with new mathematical tools.  These abstract tools, in turn, 
allowed Einstein to complete his model of General Relativity and made the supposedly abstract spaces 
real. 

In this example, the underlying mathematical tools had already been discovered.  What if we identified 
such a change to our model that would require a change in the underlying formal systems, which does 
not yet exist?  This situation would require expansion of our physical models and our underlying 
mathematical tools.  The change in the underlying mathematical tools would, in turn, require a re-
evaluation of our physical models. 

As a starting point, we should first consider: What is our universe?  We can respond that it is 
everything we perceive, however we perceive it.  Then we might ask how do we understand the 
universe (there being the assumption that we even can).  This is traditionally done through ‘science’ 
and involves modeling the universe using a set of measurements and modeling tools.  Then we might 
step back and ask a couple open questions.  Two, in particular are: 

1. Do we have the proper tools to measure and model this universe? 

2. Do we have the correct, or at least adequate, model of the universe? 

Applying some simple thought to these two, it should be apparent that the second is dependent upon 
the first.  For if the answer to the first is ‘no’, then the answer to the second should automatically also 
be ‘no’ (although a partially adequate model might still be possible).  However, if the answer to the 
second is ‘no’, then we cannot really give an answer to the first. 

Considering other possibilities, if the answer to the second is ‘yes’, then we presume the answer to the 
first is also ‘yes’, although this is not a direct relationship in the way a ‘no’ to the first forces a ‘no’ to 
the second.  For we could have an apparently adequate model, yet unknowingly are using inadequate 
tools, thus not providing a correct model.  This could leave us in the unforeseen situation of believing 
we have a proper model, without the tools to correctly identify what is not correct – a sort of “we 
don’t know what we don’t know” situation.  Finally, if the answer to the first is ‘yes’, then at least we 
should be able to develop a correct model of the universe, although this response has other 
dependencies upon the model we develop, that would determine a ‘yes’ or ‘no’ response to the 
second. 
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Given the unforeseen situation, we need to address it by considering that we may not have the proper 
tools to model reality.  In this case our model might appear correct and accurate, but that would be 
because we are lacking the proper tools to know otherwise.  How might we know we could say ‘yes’ to 
the first?  This is a difficult question to answer and, if our tools include formal systems, we might find it 
is unprovable from within our models.  This would imply we need to step outside of our current model 
in order to decide if we have adequate tools for modeling the reality we perceive. 

What might be an indication that we do not have adequate tools to model the universe?  Today we 
think we have a very good model, accurate to many decimal places.  As noted above, this does not 
guarantee we have the proper tools, since we could be deceived by the limitations of our tools and not 
be able to measure something our tools cannot.  If our thinking is that ‘what is important is only what 
we measure’, then we will be caught in our own measurement tautology and completely miss aspects 
of the universe that are unavailable to our tools (especially mathematical).  This trap is due to our 
being concerned only with what we can measure since what we can measure is limited by our tools.  
Note that this doesn’t mean we don’t perceive these aspects we cannot measure, only that our 
inability to measure them causes us to exclude them from our models.  Such a situation is a potentially 
severe limitation of the positivist and Copenhagen positions.   

We need to take that step back to consider wider questions, in particular: What do we perceive as our 
universe that we are currently unable to adequately measure? 

Part III – Indications that Our Models are Inadequate 
We should note how the perception of our universe, and what is in our universe, has expanded 
tremendously over the past 5-6 centuries.  We now perceive solar systems, star clusters, galaxies and 
galaxy clusters – in one direction.  And tissue fibers, cells, proteins, molecules, atoms and sub-atomic 
particles in the other.  These two directions are considered a continuum of the universe and the extent 
of this continuum was not apparent until proper tools were developed to perceive up and down this 
continuum (the telescope and the microscope were the first such physical tools).  It has been by 
investigating objects along this continuum that we have come to our current models of the universe.  
And, along with the physical tools, we have developed new mathematical tools, such as the calculus, 
vector analysis, plus real and even ‘imaginary’ numbers. 

However, even using these new mathematical tools, we have not modeled the universe in such a way 
as to include this continuum.  We have really developed many models of the universe, each tending to 
apply to this or that section along the continuum.  We have cellular biology and molecular biology and 
atomic physics.  Then we have meteorology, ecology and astronomy of solar systems and astronomy of 
galaxy clusters.  So we have many models and many align along sections of this continuum that we 
have only recently perceived the scope of. 

There have been a number of books, videos, and websites demonstrating even taking a trip along this 
continuum.  From Kees Boeke’s Cosmic View: The Universe in Forty Jumps 28 to the Canadian NFB’s 
Cosmic Zoom 29, to the Huang brothers’ The Scale of the Universe 2 32, we can gain some perspective of 
this continuum, even of traveling along it.  
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Peter Watson, in his book ‘Convergence: The Idea at the Heart of Science’ 27 provides extensive 
examples of science converging along this continuum.  The author does not, unfortunately, appear to 
perceive this continuum as part of the convergence, ending up resorting to reductionism in his 
conclusion.  The hard science part of the book does provide striking examples of disciplines spreading 
upward and downward along the continuum of scale. 

Consider that identifying any object in the universe first requires us to define where, on this 
continuum, the object lies (see Fig. 1).  An atom or a galaxy sit at very different places on the 
continuum.  It is only after we have identified the object, and therefore the position of that object 
along this continuum of scale, that we can then consider a coordinate system to measure the position 
of this object relative of other objects at a similar scale.  Scientific disciplines appear to limit 
themselves to a particular part of the continuum and even attempt to describe actions at all levels of 
the continuum through a single level – the smallest level.  Why might this be – why have we been 
unable to develop a model of the universe that accounts for this continuum which we perceive as a 
basic aspect of reality? 

Particle physics does not progress upward into molecular chemistry and microbiology in a direct way.  
We use mathematical tools that explicitly average out actions at one level (and thus leave out 
information) in order to specify actions at a larger (or ‘higher’) level – that of statistics.  While another 
mathematical tool, probability, explicitly admits individual actions are not accessible to analysis (the 
law of large numbers).  Simply by the use of these tools we explicitly are not accounting for all 
information in a system.  This is a consequence of the mathematical tools, not of the models built using 
them. 

Some people have suggested that the character of these tools, probability in particular, are actually 
part of reality.  Imparting characteristics of the mathematical tools to reality is like believing the 
characteristics of a number are defined by the symbols used to represent that number.  So ‘5’ must be 
similar to ‘S’ or ‘11’ to parallel line segments.  Or .333… + .666… must equal .999… which is in conflict 
with different symbols for the same numbers which give a different result: 1/3 + 2/3 = 3/3 = 1.000…  
We should not confuse the characteristics of the tools with that which we model using the tools.  We 
should also be cognizant of the limitation of those tools.  This does not mean our current tools are not 
useful, only that they carry limitations that must be accounted for as limitations of models built with 
the tools. 

Our lack of ability to model across the continuum, our attempts to make characteristics of our tools 
into reality, and our attempts to model all of reality from one level of the continuum should indicate 
we have hit limits to our knowledge and tools and need to address those limits.  Our inability to model 
across this technologically perceived continuum suggests we need to expand our models (so ‘no’ to the 
second question above).  The use of such tools as statistics and probability, because of the underlying 
mathematical limitations of the tools, essentially means we must answer ‘no’ to the first question 
above.  Our attempts to model all levels from a single level indicates we have neither the appropriate 
measuring tools to cross the continuum nor the appropriate mathematical tools to model the reality 



6 

we perceive.  We have hit major limitations at both the physical model level and the mathematical tool 
level. 

 
Figure 1: The continuum of Scale 

 

Part IV – Expanding Our Models 
Only recently has science begun to attempt to model across sections of this continuum – multi-scale 
modeling being such an example.  However these attempts also are unable to cross up and down the 
continuum.  In particular is the concern of the micro-universe not fitting well with the macro-universe 
(eg. Schrödinger’s Cat, tools to derive an equation that directly connects the actions of genes with the 
development of our eye).  There is also the reductionist single level conclusion that all causes can be 
understood entirely from the smallest level (eg. String Theory as a Theory of Everything) and therefore 
there cannot be causes from the larger to the smaller (have you even watched a large scale particle 
physicist run an experiment on tiny particles?).  These concerns (strongly) suggest we do not have an 
appropriate understanding of this scale continuum and have not presented a model that adequately 
accounts for it. 

What if we want to locate an atom in the pen on the table on the second floor of a building at 8th and 
Pine against the location of the surface of the sun.  Simply identifying 3 positional measurements will 
not quantify the relative differences in scale of these two physical objects.  A fourth measurement is 
required to locate an object in the expanded universe we are now able to perceive – with our new 
technological perception tools.  Our models do not include such a 4th positional measure. 

We perceive these differences in scale, so why do we not measure it?  If we lack the appropriate tools, 
especially mathematical tools, to measure this aspect we perceive, then we will not be able to add it to 
our models and the models will be missing crucial aspects of reality.  Here we have identified 
something we perceive that is missing from our models and something for which we do not have 
adequate tools to measure.  At a time when the reigning philosophy is to only consider what we can 
measure, we have hit that unforeseen situation, which might be better stated as ‘we don’t know what 
we cannot measure’. 

V
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We could, therefore, expand our model of the universe by incorporating the unaddressed aspect of 
continuum of scale to our model.  Note that this doesn’t change what we perceive of the universe, just 
how we model it.  This change in the model will, however, require a re-examination of how we 
interpret items and actions of the world, using this new model. 

 

Just for fun, let us consider a few possible results of including this continuum. 

• As with our other continuums, an object spreads across some ‘length’ of this continuum.  So 
the sun is at some scale, say 1.39 x 106 kilometers, and also spreads across scale – all the way 
down to compressed atoms. 

• When we touch a finger to a pane of glass we should believe our eyes and senses that show us 
touching the glass.  Touching a pane of glass would occur as actions at multiple levels and 
combining these levels involves a 4-dimensional model with touching represented by a surface 
that includes all these levels of scale with the objects at each level. 

• Consider that one unit along this dimension of scale might be 10 meters, while two units would 
be 102 = 100 meters and three units would be 103 = 1000 meters.  So ‘length’ along this 
dimension of scale would appear to us as a power series length – at least relative to our 
traditional measurements.  This does not match with our traditional concept of ‘length’ and is 
likely why we cannot properly measure it. 

• A constant velocity, in this scale continuum direction, would appear to us as a constant 
acceleration.  An object moving only in this direction, appearing motionless in our traditional 
three, would appear to be accelerating at a constant rate – yet not moving.  We would 
normally say there is a constant force on the object – which we usually call ‘gravity’. 

• Movement of the larger objects in our universe in this continuum direction might cause us to 
think (in our old model) that there is extra energy in the universe.  This would be unperceived 
energy, indirectly understood.  However the new model could explain it as movement of the 
larger objects along this scale continuum. 

 

We now have identified something we perceive of the universe that we either cannot, or have great 
difficulty, modeling.  In particular, we appear to have great difficulty measuring across the continuum 
of scale, which has led us to attempt to explain all reality from a single (smallest) level.  This situation is 
precisely the type of concern that should question whether we have adequate tools for modeling the 
universe.  

While ‘all we know’ cannot be formalized, we can continually expand our formal systems to capture 
more of what we know, which allows us to expand what we know.  That is the implication of Gödel’s 
theorems to human knowledge.  There is a positive feed-back loop of learning, formally modeling that 
learning, then using the models to expand our learning – that has no limit.  This just might be the 
future of science. 



8 

Bibliography 

Mathematics 
1. Abbott, Edwin A.; 1884; Flatland: A Romance of Many Dimensions; Dover, NYC 

2. Dantzig, Tobias; 1930 (1954); Number, The Language of Science, 4th Ed; Doubleday Anchor 
Books, Garden City, NY 

3. Dyson, George; 2012; Turing’s Cathedral: The Origins of the Digital Universe; Random House 
Audio 

4. Gödel, Kurt, Trns by B. Meltzer; 1992 (1962); On Formally Undecidable Propositions in Principia 
Mathematica and Related Systems; Dover Publications; NYC 

5. Goldstein, Rebeca; 2006; Incompleteness: The Proof and Paradox of Kurt Gödel (Great 
Discoveries); W. W. Norton & Co; NYC 

6. Mlodinow, Leonard; 2009; Euclid’s Window: The Story of Geometry from Parallel Lines to 
Hyperspeace; Audible 

7. Nagel, Ernest and Newman, James R.; 1958; Godel’s Proof; New York University Press; NYC 

8. Wang, Hao; 1987 (1995); Reflections on Kurt Godel; Bradford Book (MIT Press); Cambridge, MA 

Science / Physics 
9. Ananthaswamy, Anil; 2018; What Does Quantum Theory Actually Tell Us about Reality?; Scientific 

American; September 3, 2018 

10. Ananthaswamy, Anil; 2019; Best-Yet Measurements Deepen Cosmological Crisis; Scientific 
American; March 22, 2019 

11. Brody, Thomas; Edited by Luis de la Pena, Peter Hodgson; 1993; The Philosophy Behind Physics; 
Springer-Verlag; NYC 

12. Castelvecchi, Davide; 2015; Is String Theory Science?: A debate between physicist and philosophers 
could redefine the scientific method and our understanding of the universe; Nature;  

13. Falk, Dan; 2018; Why some scientists say physics has gone off the rails; NBC News MACH; June 2, 
2018 

14. Freese, Katherine; 2014; The Cosmic Cocktail: Three Parts Dark Matter; Princeton University 
Press, Audible 

15. Gribbin, John; 1984; In Search of Schrodinger’s Cat: Quantum Physics and Reality; Bantam Books; 
NYC 

16. von Hippel, Matthew; 2019; The Particle Code; Scientific American; Vol. 320, No. 1, pgs. 31-35 



9 

17. Holt, Jim; 2018; When Einstein Walked with Godel: Excursions to the Edge of Thought; Macmillan 
Audio 

18. Hossenfelder, Sabine and McGaugh, Stacy S.; 2018; Is Dark Matter Real?; Scientific American; 
Vol. 319, No. 2, pgs. 36-43 

19. Isaacson, Walter; 2007; Einstein: His Life and Universe; Walter Isaacson, (Simon and Schuster), 
NYC 

20. Kuhn, Thomas S.; 1962 (1970); The Structure of Scientific Revolutions; University of Chicago Press; 
Chicago 

21. Kumar, Manjit; 2008; Quantum: Einstein, Bohr, and the Great Debate about the Nature of Reality; 
Blackstone Audio (2010) 

22. Panek, Richard; 2011; The 4 Percent Universe: Dark Matter, Dark Energy, and the Race to 
Discover the Rest of Reality; Blackstone Audio 

23. Penrose, Roger; 2011; Cycles of Time: An Extraordinary New View of the Universe; Random House 

24. Scharf, Caleb; 2012; Gravity’s Engines: How Bubble-Blowing Black Holes Rule Galaxies, Stars, 
and Life in the Cosmos; Macmillan Audio 

25. Smolin, Lee; 2013; Time Reborn: From the Crisis in Physics to the Future of the Universe; Spin 
Networks, Tantor & NYC (NY): Mariner Books; Houghton Mifflin Harcourt 

26. Tegmark, Max; 2014; Our Mathematical Universe: My Quest for the Ultimate Nature of Reality; 
Max Tegmark, Random House Audio 

27. Watson, Peter; 2016; Convergence  The Idea at the Heart of Science; Simon & Schuster; NYC 

Scale, incl. Videos/Websites 
28. Boeke, Kees; 1957; COSMIC VIEW: The Universe in 40 Jumps; John Day Co.; NYC 

29. Canada, National Film Board (Illustr. Szasz, Eva);  1968; Cosmic Zoom; Canada (Film / Video) 

30. Eames, Charles; 1977; Powers of Ten; (Film / Video) 

31. Gott, J. Richard and Vanderbei, Robert J.; 2010; Sizing Up the Universe: The Cosmos in 
Perspective; National Geographic 

32. Huang, Cary & Michael; 2012; The Scale of the Universe 2; Website / App 


