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ABSTRACT 
 
We live in a Newtonian world full of complex systems and quantum probabilities.  We 
understand that the quantum level defies classical understanding, and at the same time, that it 
resolves into the macro-level world where classical mechanics remains the operative model. We 
continue to rely upon classical mechanics to inform our daily thinking.  Primary among our 
governing mental models is the classical concept of cause and effect, succinctly stated in 
Newton’s Third Law: “For every action, there is an equal and opposite reaction.”  While this is 
true, we are not taking into account all of the action.  By imagining the quantum-level energy 
flows, we can expand our capacity to predict, and thus to strategically manipulate the macro 
world, including ourselves. This paper offers a series of thought experiments based on the 
evidence and formulas developed by physicists over the past century.  The thought experiments 
invite the reader to consider the evidence through the lens of four-dimensional space-time.  
Looking at the evidence in this way yields surprisingly simple dynamics, provides a ground to 
reconcile General Relativity with Quantum Field Theory, and highlights the power of human 
imagination as a force in the world. 
 
Keywords: Thought experiments, systems thinking, Quantum Field Theory, General Relativity, 
Special Relativity, space-time, time dilation, space contraction, nonlocality. 

 
INTRODUCTION 

 
The underlying assumption of this paper is that humans are a species that is still in evolution.  
We are an ultra social species. We evolve individually and in groups.  Our groups create our 
cultures and physical environments, and we in turn influence our groups.  The riddle of the 
chicken and the egg is fundamental.  Individually, we have internal environments of thoughts 
and interpretations, genetic composition, and past experiences.  We have external environments 
that include physical constraints and opportunities, and implicit cultural pathways. As a species, 
we have demonstrated the power to change the Earth.  A look at history shows the ebb and flow 
of civilizations, anticipated by shifts in culture.  A study of marketing, behavioral economics, 
and neuroscience increasingly lays bare the science of manipulating culture.  The essential part 
of this whole sweeping drama is our ability to direct our own thoughts.  We can change our 
thoughts, and what we think and how we act changes us.  We have the ability to reflect on 
dynamics, both short-term and long-term, and we have the capacity to predict and strategize the 
forces of nature.  The human imagination has shown itself to be a force of nature. 
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Motivation 
Common sense suggests that if the following assumptions are true, we can articulate how they 
work together. 

• The workings we have found to be effective in science have relevance to our lives. 
• A unified reality underlies quantum events, astronomical behavior, and individual 

experience [1]. 
• Contemporary descriptions of some observed dynamics remain mutually incompatible [2-

5]. 
• Imagination is a vehicle to reframe the incompatibilities to a unified system [6]. 
• The physics of reality is a common foundation on which to integrate knowledge, 

experience, and goals. 
• Probabilities explain the present.  Human flourishing stems from common alignment 

towards the possible. 
• Common alignment [7] is like the magnetic force behind the autonomous self-regulation 

[8] that characterizes individual flourishing and burgeoning human civilization [9]. 
 
Systems thinking is widely recognized for its use of graphs over time, input and output flows, 
and feedback loops [10].  However, systems thinking in this paper focuses on our mind’s natural 
ability to think about processes in motion.     The paper presents thought experiments to imagine 
the invisible flows of energy that comprise quantum systems so that we can more intentionally 
leverage these flows while they are still invisible.   
 

 
METHODOLOGY 

 
The paper is addressed to the curious reader who enjoys mind-stretching puzzles.   It presents 
outstanding conundrums in contemporary physics as thought experiments.  The thought 
experiments give a new interpretation to old evidence.  The new interpretation grew out of 
imagining four-dimensional space-time.  The quantum-level thought experiments give the reader 
practice thinking of the evolving world in four-dimensions.   
 
Einstein popularized thought experiments to describe hard-to-understand principles.  This paper 
uses thought experiments to integrate non-intuitive physics results into a dynamic view of 
everyday life.  That is, at the quantum level, action is predicated upon system behavior.  
Thinking in systems focuses on processes rather than on static events.  Thinking in systems does 
not replace our practice of careful observation of well-defined events.  Rather, it complements 
and brings together the information we have gathered.  Systems thinking and thought 
experiments combine information in a way that makes meaning.  Through imagining the 
dynamics of discretely emerging four-dimensional space-time, the reader can imagine the 
science without violating an intuitive sense of absolute space and time.  
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THOUGHT EXPERIMENTS 
 
The thought experiments build progressively upon one another.  They are a way to practice 
paying attention to the creative aspect the time dimension brings to each moment.  Practice can 
be done any time and any place.  
 
Imagining Four-Dimensional Space-time 
What does it mean that space and time are not separate?  We can start by recognizing that four-
dimensional space-time is something real.  This understanding underlies the accuracy of our 
global positioning systems. Because it is real, we can come to understand it [11]. Scientists use 
formulas and equations to describe how it works.  This is how we model reality to study it.  The 
equations themselves aren’t the reality.  The reality is one of constant change.  As we imagine 
four-dimensional space-time, we only need to look around us.  What is happening dynamically 
has an order that can be reduced to sets of equations.   The equations allow us to communicate 
the patterns of order, to teach them, and to use them.  Our imaginations allow us to animate the 
activity modeled by the equations.  Our thoughts put them to practice. 
 
One way to begin is to imagine our experience with computer games as an analogy to four-
dimensional space-time.  In these animated games, the “three-dimensional” world is a series of 
pictures that flow across our computer screen based on our input.  Joystick in hand, we navigate 
a road race, winding our way through a green countryside of rolling hills and grazing cows.  The 
screen presents a two-dimensional rendition.  We imagine it as three-dimensional and play 
through the four dimensions of space-time.   The road opens before us, changing in response to 
our joystick moves.   
 
The programmers have written code that translates the action of the joystick to output.  Now, 
imagine the relationships governing the dynamics of energy as the programming that generates 
space-time.  That is, programmers use mathematical algorithms to generate computer graphics. 
The cosmos uses algorithms, too.  These are the formulas scientists have derived through 
observation and experimentation.  That is, when you change what you are thinking about, shift 
your gaze, smile at a person in the grocery store, you are directing the algorithms and creating 
reality.   
 
To practice this yourself, think of a situation in which you are predictably bored.  Perhaps right 
now.  Look around and imagine the dynamics of everything in sight and beyond as continually 
emerging in a way that is described by the formulas of physics and the relationships of 
chemistry.  For example, sitting at a traffic light, imagine the concrete of the road, the cars, the 
leaves of the trees, and yourself all emerging in four-dimensional space-time.  In a drug store 
line, experiment on how your interactions with others change them.  
 
Consider another thought experiment.  Imagine we plan to meet at a restaurant this evening at six 
p.m.  Does the restaurant at six p.m. already exist?  The restaurant exists, but not yet at six p.m.  
Imagine that the restaurant, we ourselves, and the entire Universe, are coming into being every 
moment according to the laws, forces and dynamic relationships that scientists have so far been 
able to discern and mathematically formalize.  The world at six p.m. will be the result of all the 
actions that take place between now and then.  Of course, these actions are in large measure 
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based on forces already in play.  Our thoughts and actions augment, interfere, and otherwise 
contribute to the state of the world that already is as it now is.  The choices we make today create 
the past of the future.   
 
As we walk through space, time flows.  Our thoughts and actions change the present.  Each 
succeeding present is built upon its immediate past.  This is the continual integration expressed 
through calculus.  As we live, breathe, think and move, we initiate the subsequent reality.  
Persistent thoughts and actions over time move enough quantum energy to lay new neural 
networks supporting habits and new endeavors based on the accomplishments of those before us.  
As Newton said, “If I have seen further, it is by standing on the shoulders of giants.” 
 
Empty Space and the Field 
Where does the energy come from?  Origins are beyond the scope of this paper.  This paper is 
limited to what we are able to observe.  We deduce invisible activity by observing predictable 
patterns.  Look around you.  You can see, smell, hear and touch lots of stuff.  What about the 
empty space?  What we call a vacuum is actually full of invisible energy.   In the words of 
Columbia University physicist Brian Greene,  “As it turns out, empty space is not nothing. It's 
something, something with hidden characteristics as real as all the stuff in our everyday lives 
[12].” It’s difficult to detect, because everything we use for detection is comprised of energy.  It 
is like using water to touch water.  There is no way to define the boundary between the 
instrument of touch and the object of touch.  They are the same substance.   
 
When we consider that empty space is full of energy, we can begin to understand the world as an 
amazing animation being generated in real-time.  Perhaps it is driven forward by a tiny cosmic 
asymmetry seeking symmetry.  Whatever propels it, we are the beneficiaries, and we have a 
certain latitude in which to steer.  While our survival depends upon physical safety and 
physiological well-being, the surest strategy of control independent of external conditions is 
control of our own thoughts.  The energy is available from the empty space around us.  When we 
recognize that, we can intentionally draw upon it.  When we try, we are investing energy and 
creating flow. 
 
Quantum Leaps, Planck’s Constant and the Uncertainty Principle 
Imagine that all observable aspects of the world are the result of constantly integrating energy 
flows.  Space-time is the manifestation.  Observations indicate that the photons of light, like 
matter, are particles.  The photons are discrete entities that carry specific quantities of energy.  
Quantum leaps refer to the fact that the energy levels of photons (as well as those of electrons in 
an atom) have been found to have a common denominator known as Planck’s constant,  h .   
They “jump” from one energy level to another without ever being in the space in between.  
While this is associated to the transfer of energy in particular amounts or “quanta,” it is also what 
is observed spatially at the most minute levels [13].   
 
How can something get from point A to point B without ever being in between?  This is one 
question that led to Heisenberg’s uncertainty principle [14]. It is why physicists describe physical 
phenomena as “events.”  It is the idea behind the nomenclature of virtual particles as “virtual.”  
At the quantum level, we observe events arising and disappearing into empty space.  The marker 
of this point of discontinuity is the gap in space-time we consistently observe, Planck’s constant  
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h . As layers are deposited in a three-D printer, we can imagine that space-time itself emerges 
discretely one moment at a time.  Each layer becomes the basis for the succeeding layer over 
time.  In the same way, our thoughts and actions are the basis for the future.  As we imagine 
what is possible, we begin to create it. 
 
Imagining Light as Simultaneous Wave and Particle 
One of the quandaries of quantum mechanics has been what Niels Bohr called the 
complementary nature of light.  According to orthodox Quantum Theory, light is either a wave 
or a particle [5].  It is not both simultaneously.  Taking this view as a scientific fact has led to the 
philosophical interpretation that our choices determine whether light is a wave or a particle.  The 
subtlety lies in distinguishing between what we can measure, and what exists.  Einstein’s well-
known quip speaks to the heart of the matter: “I like to think that the moon is there even if I’m 
not looking at it.”   The practice of imagining four-dimensional space-time allows us to imagine 
the realities we are not able to measure so we can use them predictively and strategically.  
 
Light has been described as a particle and as a wave since at least the 11th century [15].  Light 
carries the characteristics of both.  The clearest illustration of this phenomenon is the oft-cited 
double-slit experiment [16].  When one sets up an experiment to detect a particle, a particle is 
detected.  When the experimental design is set to record waves, the classical wave interference 
pattern is found.  The experiment has been performed thousands of times with multiple 
variations and consistent results.   For example, in an experiment set up to detect waves, even 
when only one photon is released in a box with two slits, the wave interference pattern appears.  
That is, though only one photon is released, the wave pattern indicates energy comes through 
both slits.  What is curious is that when the experiment is repeated with a setup to record which 
of the two slits the photon exits, the interference pattern disappears.   One can detect which slit 
the photon came through, or one can see the interference pattern of waves.  This gives the 
impression that light is either a wave or a particle.  It has also given rise to the strange idea that 
the quantum level “knows” what we are doing. 
 
Now consider this through the lens of continuously emerging four-dimensional space-time.  
Imagine yourself riding on the back of a photon.  Remember, we have no way of labeling 
individual photons.  A quantum physicist thinks of photons as “excitations of the field [13].” As 
you ride on the photon, you find you are actually riding on successive “excitations of the field,” 
carried forward much as a sound wave moves through empty space, or as a wave moves through 
the ocean.  In other words, you are propelled forward from one photon to another in rapid 
succession, each photon just beneath you. 
 
Of course, this is pure imagination.  In discretely emerging four-dimensional space-time, you 
also, comprised of molecules of energy, are being recomposed every moment through the 
ongoing interaction of energies.  This means that you don’t witness the change in photons.  You 
deduce this is what is happening based on the inextricable union of space and time, and the 
discrete nature of everything we have been able to observe.  Planck’s constant  h  marks 
discretely emerging space-time.  In this sense, to track a single photon is actually to track the 
representation of a single photon.  As a rough analogy, one might think of it as tracking the 
ranking of a university as successive generations of students, faculty and administrators pass 



	  

Preprint, The 8th International Multi-Conference on Complexity, Informatics and Cybernetics: IMCIC 
2017, March 21 - 24, 2017, Orlando, Florida, IIIS. 
	  

6	  

through.  The photon is the physical representation of a quantity of energy.  The energy itself is 
coming and going. 
 
Now consider the character of your representative steed.  A photon is a quanta, a particular 
amount, of electromagnetic energy.  Electromagnetic energy has the property of propagating in a 
crisscross pattern.  In Einstein’s words, “every change of an electric field produces a magnetic 
field; every change of this magnetic field produces an electric field; every change of …, and so 
on.  As field represents energy, all these changes spreading out in space, with a definite velocity, 
produce a wave.  The electric and magnetic lines of force always lie, as deduced from the theory, 
on planes perpendicular to the direction of propagation [17].” 
 
In other words, this photon representation on which you are riding has a specific energy level.  It 
is propagating at the speed of light within a small enclosure, bouncing from wall to wall.  As it 
propagates, it changes the electric field of its path.  That change creates a change in the magnetic 
fields perpendicular to its path, and so on.  In other words, the one photon generates waves of 
energy.  These waves find their way out of both slits.   Because the energy level of a photon 
determines its wavelength, the waves interfere with one another in regular patterns.   
 
Why do we not see the wave interference patterns when we record the exit of the photon through 
one of the slits?  It is simply because energy is what we use to record events.  The energy that 
senses the event changes the energy of the event being recorded.  In the two-slit experiment, no 
matter how it is arranged, the energy involved interacts with the event.  The interaction interferes 
with the interference pattern.  At the quantum level, all sensing changes both the sensor and the 
sensed.  This is another reason to become self-aware of our own thoughts.  Our thoughts change 
us. 
 
Bohr was correct that our experiments detect either a particle or a wave.  Einstein was correct 
that light has the characteristics of both simultaneously.  Imagining four-dimensional space-time 
allows us to appreciate the contributions both views provide.   
 
By extending our imagination to the energy flows that are not yet visible, we are able to consider 
ways of augmenting and/or neutralizing build-ups of energy that have not yet reached a phase 
change threshold of physical manifestation.   That is, energy is often added to a system for some 
time before a threshold is crossed and a phase change occurs. 
 
Consider that photons are a kind of energy called “bosons.”  Bosons are special because they can 
heap on top of one another, more and more in the same place at the same time.  Electrons, on the 
other hand, belong to the class of energy we call “fermions.” Fermions can never have more than 
one in a place at a time.  Because of this, we are able to count electrons.  Counting bosons, 
especially as they are absorbed into macro-systems, is limited to measures such as microscopic 
increases in the mass of a closed system when intense light is added.   
 
In other words, we can imagine energy being added to a system preceding a phase change more 
easily than we can measure it. 
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For example, in human systems, emotion is the driving energy [18]. Consider the energy tapped 
and aligned by Mahatma Gandhi, Rosa Parks, Martin Luther King, Jr., Joseph Stalin, and Adolf 
Hitler.  Consider the long build-up of frustrated efforts that led the young Tunisian fruit peddler 
to the tragic act of self-emollition and precipitated a phase change we call The Arab Spring.  
Like water to which heat has been added over a period of time, bosons may lurk invisibly just 
below the threshold of a phase change.  Do we want the phase change?  The key point to keep in 
mind is the long-term goal.  Thought experiments continually renew our imagination towards 
what is possible. 
 
The Speed of Light as a Universal Constant 
How is one to understand that the speed of light is a universal constant?  When speed itself refers 
to distance traveled over a specific period of time, if space and time are no longer objective 
standards, how are we to measure?  These are some of the confusions that follow from 
recognizing the speed of light as a universal constant.  Nonetheless, in 1905 when Einstein 
published his paper on the Special Theory of Relativity, it provided the basis to reconcile a point 
that had been flummoxing the physics community for more than fifteen years [19]. The 
perplexing nature of the speed of light had previously been discovered and confirmed.  Relativity 
theories had been proposed.  What Einstein contributed was the direct assertion of two 
principles:  1) The laws of physics are invariant in all non-accelerating systems, and 2) The 
speed of light is the same for all observers irrespective of the motion of the light source.  These 
principles have stood the test of time, and become the basis for much of our economy, as well as 
our forays into space. 
 
So how might we understand “the speed of light” as a universal constant, around which space 
contracts, time dilates, and space-time itself curves through the effects of gravity?  Imagining 
each of these effects through the lens of discretely emerging space-time provides a common 
sense understanding that explains nonlocality as relative locality, and provides a framework 
within which both General Relativity (GR) and Quantum Field Theory (QFT) remain valid, 
though a full explanation of this latter point is beyond the scope of this paper. 
 
Imagining Time Dilation, Space Contraction and Relative Locality  
How can imagining four-dimensional space-time explain how one event results in different 
measures of elapsed time and space? A thought experiment using simple algebra and 
Pythagorean’s Theorem opens a view.  Look at the pictures below.  The event we are comparing 
is the time and distance of a beam of light traveling to a mirror and back.  We look at the event 
through the eyes of a local astronaut, and an Earth-bound observer.  Figure 1 shows the 
experiment inside the spaceship.  The astronaut is traveling at a high rate of speed relative to the 
Earth-bound observer, but he is in the same frame of reference as the beam of light. 
 
 Figure 2 depicts the event as the Earth-bound observer measures the path of the light’s beam.  
Because the spaceship is traveling fast, the path of light traces the outline of the hypotenuses of 
two right triangles. 
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Figure 1:  The local observer is an astronaut travelling in a spaceship [20]. 
 
 
 

 
Figure 2:  The track of the beam of light in a spaceship from the view of an Earth-bound 
observer [20]. 
 
 

 
 
Figure 3:  Representing one event from the view of observers in two different frames of 
reference [20]. 
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Figure 3 sets up the comparison by representing the distance measured by the astronaut as  D , 
twice the height of the two right triangles.  Meanwhile, the Earth-bound observer understands the 
distance traveled as  2s  , the hypotenuses of the two triangles.   
 
 
When you do the math, it turns out that the factor of proportionality between the observers’ 
measurements of space and time is the relationship of the height of a right triangle to its 
hypotenuse [21]. How does imagining four-dimensional space-time elucidate the basis for this 
difference in measurements? 
 
Imagine the path  2s  as a dotted line.  The spaces between the dots on the line are larger for 
higher velocities.  Then, sum the dots along the path  2s  to add to the locally measured distance  
2D.  In space-time, there is no space without an occurrence of time.  I imagine that moving with 
a velocity closer to the speed of light results in greater gaps in space-time emergence.  This 
might sound strange, yet it explains the data in a way that makes sense.  It is no stranger than that 
all observed energy levels are divisible by Planck’s constant  h . Perhaps there is only one 
absolute space-time, but we measure it differently because we experience it differently.  This 
would explain why a swiftly moving object experiences less time and less space relative to an 
Earth-bound observer.  It also explains the slower decay of atomic elements observed in high-
speed accelerators, and the time differences in the satellites that support our global positioning 
systems. 
 
Another thought experiment is to imagine a flat stone skipped across the surface of still water.  In 
this case, the water’s surface represents time and space as experienced by an Earth-bound 
observer, while the amount of	  time and space experienced by the skipping stone is measured at 
the points of contact with the water.  	  
	  
A third thought experiment considers a treadmill.  In this thought experiment, imagine the 
amount of time and the number of steps to walk a mile on a slowly moving treadmill.  Then, 
consider the time it takes a runner to cover the same distance when the treadmill is moving at the 
rate of six-minute miles.   Between each leap of the runner, a relatively large amount of treadmill 
passes beneath the runner untouched.  Of course, the runner must use greater force against the 
swiftly moving belt.  If one considers space-time as the sum of the periods during which one’s 
feet are touching the treadmill, and Planck’s constant  h  as masking what takes place in between, 
one can begin to develop an intuitive understanding of time dilation, space contraction, and 
relative locality.  Ironically, what Einstein called “spooky action at a distance” is implied by the 
space contraction and time dilation [22] he discovered and described.  It turns out that views into 
the quantum world elucidate the orderly workings of the macro world. 
 

SUMMARY 
 
Human history is the laboratory in which we see what works and what doesn’t over the long run 
[23].  One might argue that human history is a long string of thought experiments.  Imagining the 
real-time emergence of four-dimensional space-time emphasizes the significance of what we 
think.  The sine qua non of humanity has been our ability to imagine the possible and bring it 
into reality.  We are not constrained to what is probable.  
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Through history, the pattern we see created over and over again is the growth of self-regulating 
societies that organize themselves around principles.  The principles are established as thought 
experiments to provide a common goal for a society.  Principles that prioritize the health of the 
society are able to mobilize the productive energy of a greater proportion of their populace.  
They prosper.  Adam Smith’s “invisible hand” is an example of such a thought experiment.  The 
thought experiments in this paper provide a common basis to bring to bear knowledge of science, 
economics, and the underlying hunger for self-actualization basic to human nature.   
 
The creative capacity to think “outside of the box,” to form shared visions, and then to work over 
decades to bring the tiniest of possibilities into mainstream reality is the hallmark of our species.   
Modern science confirms Shakespeare’s words, “Thinking makes it so.”  Thinking in systems is 
a metaphor to remind us that life is a process.  It changes the question of whether the end justifies 
the means to one in which it is clear that the means becomes the end. 
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