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Introduction

Among the various definitions of consciousness, the newly emerging science of consciousness focuses attention primarily on one: consciousness as sentience, that is, the feelings, sensations, and experiences usually associated with the nervous systems of living things.  This definition does not focus on higher order distinctions such as self-awareness, dreaming, or altered states of consciousness.  Rather the question here is how and why do some bits of matter appear to be conscious while other bits do not.  Some philosophers such as Colin McGinn feel that consciousness is and will remain "a mystery that human intelligence will never unravel" (1999,p.4).

Although I agree that consciousness represents one of, if not the most, significant mysteries of our time, I disagree with Dr. McGinn that the veil surrounding consciousness is impenetrable.  As Brendan O'Regan has pointed out, "the whole of science consists of data that, at one time or another, were inexplicable" (as quoted in Radin, p.278).  McGinn could be correct in his assumption, but I, as well as many others, are not ready to throw in the towel quite yet.  On the contrary, this long lasting enigma has recently gained the attention of several branches of science including contemporary physics.  It is an exciting atmosphere in which diverse theories are promulgated and various interpretations of these theories are hotly debated.  As we will see, science has shifted from an experimental and observational basis to a much more abstract foundation, which relies as much if not more on interpretation rather than data.  This emphasis of interpretation has blurred the lines between science and philosophy, creating opportunities in which the mystery of consciousness can be probed.

One of the mysteries that are central to our discussion of consciousness as sentience is the nature of time.  Not only does our understanding (or misunderstanding) of time influence our understanding of the timing of physiological processes and the mental perception of time, but it also greatly affects our understanding of consciousness as it exists and functions in space-time.  The significance of this distinction, while not perhaps readily apparent, is a great one.  Certain aspects of consciousness are primarily concerned with the timing of physiological processes within the brain, while the experience of time is a function of the brain and the mind.  By focusing our discussion on consciousness as it exists and functions in space-time, I am attempting to free the discourse from the typical confines of psychology and neurophysiology.

While it is true that we will be discussing both the brain and the mind at length, there are important global aspects of consciousness to consider.   These global aspects are not local in that they are not necessarily constrained within an immediate space and time. For instance, consciousness exists in both space and time and, as such, is subject to the corresponding laws of physics.  As we will discuss later in this paper, space and time are actually part of a unified medium popularized by Einstein's theories as the space-time continuum.  Other views of space-time that we will discuss originate from quantum theory, a theory which made the strange and revolutionary physics of Einstein look much more tame.  A key point here is that these theories of space-time (i.e.; the universe) put forth by quantum theory and Einstein’s relativity are incompatible with each other.  When probing the fabric of the universe, we are therefore thrust into an ontological quandary.  Consequently our understanding of consciousness as it exists and functions in space-time is in a state of equal, if not greater, uncertainty.

In this paper, we will critically examine various theories of space-time, focusing our attention specifically on the temporal aspects of each.  I will then attempt to illustrate the possible implications on a  science of consciousness, giving special attention to apparent temporal anomalies recently found in consciousness research.  Near the end of this paper, I will offer new interpretations and speculations as to the relationship between space, time, and consciousness. Before we explore these various theories of space and time however, we must first define what time is not.  This is accomplished by simply examining what we usually think of as our correct experiences and perceptions of time.

The Flow of Time

Time; one can argue that we know this aspect of our lives more intimately than we know any other.  And yet as St Augustine pointed out in the 5th century C.E., as soon as someone asks us to describe time, we find it difficult to do so.  Almost everyone begins their description by saying that time seems to flow.  Specifically either we seem to flow through time or time seems to flow by us.  An analogy that works well for the former is that of being passengers on a one-way train.  The landscape surrounding the train is a timescape where each segment of the track represents a unique moment.  As we pass over each temporal segment, they seem to fall behind us, never to be visited again except in memory.  Attempting to look ahead of the train into future segments, it seems that there is a great fog that keeps us from seeing the segments of the track until we are passing directly over them.  Often however, we can extrapolate what will most likely occur in our immediate future by comparing characteristics of the present segment with the memories of past segments and patterns across sets of segments.  We mentally carry out these comparisons and extrapolations nearly all of our existence.  For instance, as you are reading this sentence you continue to scan for the next word in the sequence, using the rules of English grammar and syntax to anticipate the "flow" of words and meaning.  As another example, if someone were to throw you a ball, you would use your hand-to-eye coordination and your commonsense to anticipate how and where to catch the ball.  Whether anticipating a word or a ball, we imagine the next part of the trains tracks based on patterns we’ve witnessed in sets of various track segments already experienced. 


At this point one might inquire as to what, if anything, is wrong with this analogy.  To answer this, lets take a closer look at the train as it exists and functions in space-time.  On a normal train one might inquire as to how fast the train is moving.  To answer this question we would measure a certain distance and then measure how much time it took to travel this distance.  The result would be a ratio of "distance per time" as in 30 meters per second or 98 kilometers per hour.  This process of measuring ratio or speed would be appropriate for a typical train, but what about one traveling “the tracks of time”?  On this train we suddenly reach a conundrum.  If our  track segments now represent moments, our first measurement (the numerator) would be a length of time (e.g.; 3 hours, 15 minutes, etc.).  In order to calculate our rate of travel we would then need to come up with a second measurement for the denominator.  But what would this measurement be?  If we use temporal units in both the numerator and the denominator, our ratio would then consist of "time over time".  This would be akin to saying "I traveled 1second per second"; its nonsense.  The units, being the same in the numerator and denominator, cancel each other out.   In order to avoid this tautology and yet still arrive at a rate of speed, we would have to create a second level of time for the denominator.  As is well known to philosophers, adding this second level of time would not solve our problem however.  Our newly created “B-Time” would be just as susceptible to the same sort of tautology as above and would therefore need the creation of a C-Time, D-Time, E-Time, ad infinitum.  Therefore the flow of time cannot exist in any manner similar to a moving train.


But what about the analogy of time flowing past us as we remain motionless observers, as in standing at the bank of a flowing river?  Didn't Heraclitus say that you can't step into the same river twice?  Heraclitus did indeed say something to that effect, opposing the Milesians’ philosophy of permanence.  Unfortunately however, we are confronted by the same tautology.  Motion is, after all, relative to the observer.  Therefore, whether one feels as though she is moving through time or time is moving past her, logically nothing moves whatsoever.  This brings us to the crux of our first mystery.  For if there is no flow of time, why do we experience it so, and perhaps more importantly, what then is the nature of what we refer to as time?  Before we get into these discussions however, let's first take a look at another perception of time, the perception that time seems to move in only one direction.

The Arrow of Time

Returning to our train analogy, it’s obvious that no matter how hard we may try, we are unable to revisit the segments of track already traveled.  Nor, it seems are we able to stop the train on any one segment (in fact, the ontological nature of single temporal segments is still unclear).   Not being able to stop nor reverse course, our train provides its passengers with one-way tickets only.  This unidirectionality is often referred to as the arrow of time or alternately as the irreversibility of time.  In peculiar contrast to this unidirectionality, almost all events within the realm of physics seem to be time symmetric, that is, favoring neither direction of time.  Moreover, within most theories time is simply not needed.  There are however, a few events, which seem to be time asymmetric, or time irreversible.  According to Ian Marshall and Danah Zohar these are:

(1) The increase of entropy

(2) The expansion of the universe

(3) Consciousness

(4) The quantum collapse of the wave function

(5) Some particle phenomena (1997, p.360)

Each of these events represents very interesting anomalies, some of which we shall explore later in this paper.  First however it is important to discuss the background from which these concepts arose.
Newton's Time 

It is well known that Sir Isaac Newton, humankinds' first physicist, has had one of the most profound effects upon western civilization in the last millennium.  With the discovery of calculus and Newton's laws of motion, Newton did "for time what the Greek geometers did for space: idealized it into an exactly measurable dimension" (Davies, p.31).  Along with space, time became both absolute, in that nothing physical could affect it and universal, in that our experience of the time was thought to be the same throughout the universe.  

The absolute and universal structure of space and time naturally led to a doctrine of determinism.  It was LaPlace who made the conjecture that it was theoretically conceivable that if one knew both the locations and velocities of all objects within the universe, along with the laws of motion which describe their behavior, then one could calculate both of these values infinitely into the past as well as the future.  According to determinism, all events in both the past and the future are therefore fixed and inalterable.  This notion of time, which Paul Davies characterizes as “temporal solidity” continued to enjoy popular support until a few scientific anomalies caused a young scientist named Einstein to revolutionize physics (p.48).

Einstein's Time - The First Revolution


At the beginning of the 20th Century, a young patent clerk spent much of his time mulling over a problem that was plaguing physicists of his time.  The problem concerned light but was quite similar to the following situation involving sound.  If a person is moving relative to another person and they both hear the same noise, then they will usually hear different tones based on their velocity relative to the noise.  The reason for this difference is that the sound waves, which are collisions of molecules in a medium such as air or water, will be experienced as compressed if heading towards the sound (i.e.; a higher tone) or dilated if heading away from the sound (i.e.; a lower tone).  This is called the “Doppler effect” and is experienced every time a car or other noise passes us.  As the vehicle approaches, the sound coming from it is of a higher tone than it would be if we were stationary relative to the vehicle.  After the vehicle has passed, the tone is lower as the sound waves are stretched relative to our position.  

The conundrum involving light was that according to Maxwell's laws of thermodynamics, this Doppler effect could not happen to light waves.  But the question arose: why should light waves be different than any other type of wave?  Physicists were perplexed.  In addition, the laws of uniform motion as put forth by Galileo and then by Newton led one to believe that if one traveled fast enough one would be able to catch up with a light wave so that it would appear frozen.  This was obviously a problem.  Einstein was able to resolve these paradoxes by giving up the absolute and universal notions of space and time.  Specifically, we measure light in frequencies which are the number of cycles (distance in wavelengths) per second.  Einstein understood that keeping the speed of light constant no matter what velocity an observer is traveling meant that the values that make up the ratio, distance and time, must fluctuate instead.  

Einstein’s revolution in thinking toppled the spatial and temporal solidity of reality and replaced it with its opposites: the flexibility and malleability of space and time.  For instance, the faster one travels, the slower time appears and smaller the distance traveled appears.  Of course, these measurements are from an outside observer.  To the individual at the increased velocity the experience of space and time remains the same.  After all, if all of space contracted, then we, as parts of this space, would contract at the same rate, and so locally speaking there would be no discernable difference.  The same thing happens within time’s dimension as well.  It is for this reason that our discussion of consciousness as it exists and functions in space-time must transcend the local level and focus instead on global aspects of the universe and the corresponding implications for consciousness studies.  


To those in the scientific community interested in both time and consciousness, Einstein's theories had shed new light on the relationship between the two.  One burst of such light occurred when a very popular notion met its demise at the hand of Einstein’s: the “universal now”.  As we have discussed, in Newtonian physics time was both absolute and universal.  Thus a "now" for you was thought to be the same as a "now" for me, as well as all the "nows" for the rest of the universe.  This concept is also referred to as universal simultaneity.  In Einsteinian physics no such simultaneity exists.   For example, let's create a thought experiment where we have a plane moving at a significant fraction of the speed of light.  A woman named Beverly is aboard this plane while another woman, Deanna, remains on the ground, able to somehow see into the plane’s interior.  (Please see figure #1).



·   (
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In this thought experiment, the plane is traveling at a significant portion of the speed of light.  In the middle of the plane, equidistant from both ends of the cabin, is a light source that when lit causes light waves to travel in both directions.  Einstein’s theories state that all observers always witness light moving at the same speed regardless of the velocity of any observer.  Therefore, in the cabin Beverly will witness the light traveling the same distance both north and south and thus striking the ends of the cabin simultaneously.  

Deanna witnesses something very different however.  From Deanna's perspective the plane is traveling north at an incredible speed.  Therefore, to Deanna, the light in the center of the cabin traveling north has to travel a distance greater than half the cabin.  (It has to “catch up” with the front of the cabin.) . In addition, because the end of the cabin is heading toward the light source, the light wave traveling in the southern direction has to travel much less than half the distance of the cabin to reach the end wall.  Indeed, from Deanna's perspective, the light originating from the center of the cabin has to travel different distances to each end of the cabin.  Therefore, even though Beverly sees the light striking the ends of the cabin simultaneously, Deanna witnesses the light striking the back of the cabin before striking the front of the cabin.


Onboard the plane, Beverly exists in what's called an inertial frame of reference, which describes all movement within the frame as if the plane was motionless.  Everyone experiences this while traveling.  Within this frame of reference Beverly observes the light striking the ends of the cabin simultaneously (i.e.; in the same “now”).  Being in a different inertial frame of reference, Deanna observes these two events as occurring in two different "nows".  The big question here is which perspective is correct and which one is false.  According to Einstein's theory of relativity, both experiences are true relative to the observer.  In other words, time is not what most people think it is; each "now" is only a "now" relative to the observer of the events.  What has this to do with consciousness studies?  Well, although there are many theoretical implications which we will go into later, the most vital and immediate point is that, as we have discussed, there is no objective viewpoint when it comes to time, no view from the eyes of God.  Time is observer-dependent, an idea that we will cover more in detail when we discuss quantum theory.

Returning to our discussion of relativity, in order to describe how an observer can experience events as simultaneous while another observer might experience a temporal disparity between these events, Einstein's physics use a mathematical device referred to as a simultaneity-plane.  The angle of the simultaneity-plane depends on a person’s relative velocity.  As we can see in Figure #2, Deanna witnesses the light striking the front of the cabin (event #1) before Beverly (T1 compared to T2), while she witnesses the light striking the back of the cabin after Beverly (T3 compared to T2).  






Simultaneity-planes also illustrate how observers in multiple inertial frames of reference can share a “now”.   Let's say that on Earth Paul is celebrating his 30th birthday party, while at the same time (in the same “now”) on a planet in the Andromeda galaxy, William is contemplating taking an afternoon off work to travel the countryside.  A shared simultaneity-plane intersecting both frames of reference is illustrated in Figure #3.






Each individual's position in space-time is shown by the vertical lines, while the horizontal line represents their shared simultaneity-plane.  But what if William decides to go on a journey that changes his velocity and position relative to Earth?  Einstein's theory of relativity tells us that because of the relative velocity between the two galaxies, even traveling small distances in space can have enormous repercussions in the temporal dimension.  We see in Figure #4 that when William travels in one direction his simultaneity-plane intersects Paul's future, while in the next moment William changes direction, causing the simultaneity-plane, his second “now”, to intersect Paul's past.  



Remarkably, because of the relative velocities of the two galaxies, the disparity between intersections with Paul's life could be years.  Just as in the plane analogy, it is meaningless to ask whose "now" is the correct one; all perspectives are equally true.  Because of this one can see that the moments of Paul's life seem to be fixed and could, at least mathematically, be played back and forth like a set of piano keys.  According to relativity theory, that's exactly how the dimension of time is laid out; so that not only is there no "universal now", but all "nows" seem to be already determined and fixed in place.  

Several question rise from this conclusion, however.  One question many non-scientists ask is whether relativity is really correct or is just theoretical speculation?  Scientists have been answering this question over and over again for years, and the answer is a resounding yes; relativity theory is correct.  It's actually one of the most precise theories in history.  One way that scientists have proved this is to accelerate a particle to close to the speed of light.  Normally this particle may have a very brief existence, say one billionth of a second.  By increasing its velocity to close to the speed of light, we can increase its lifespan dramatically.  Relativity also predicted small variations in the planets’ orbits around the sun that could not be explained by any other theory.  

Another question is: does this really mean that our future consciousness as well as our past consciousness already exists?  Paul Davies certainly thinks so: "only one rational conclusion to draw from the relative nature of simultaneity: events in past and future are every bit as real as events in the present” (p.71).  Einstein thought so as well.  He is often quoted as saying that time is an illusion, albeit a stubborn one.  And yet Einstein was not right about everything.  He was stubbornly opposed to quantum mechanics, even in the face of its overwhelmingly successful predictions.  Another interpretation of reality which skirts absolute determinism while keeping time as a fixed dimension involves having multiple, although still fixed, events occupying the same point on the timeline.  This is a possibility that we will discuss in detail during the section on quantum theory.  Before we do this, we must go further into Einstein’s work to explain why the term “timeline” is not as accurate as the term “worldline”.

The Space-Time Continuum

Einstein’s theories strengthened the notion that space and time are really inseparable parts of one continuum, but it was actually a teacher of Einstein’s, Hermann Minkowski, who first suggested this union.  As we have discussed, relativity implies that the temporal dimension can be thought of as already laid out like a spatial dimension.  Time, in this context, is known as “block time”.  Minkowski immortalized this way of thinking about space and time in 1908 during a famous lecture: “Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows and only a kind of union of the two will preserve an independent reality” (Davies, p.72).  How much are these two aspects of the universe truly integrated with one another?  According to the Hartle-Hawking theory, very small space and time bits might be indiscernible from one another.   It is even thought that perhaps at the birth of the universe time started out as spatial dimension but then was transformed into a temporal dimension.    
To better conceptualize this union of space and time we must collapse the three dimensions of space into one and map this dimension with the dimension of time.  We can then plot the movement of a person or thing through space and time, as is shown in the Minkowski diagram below (Figure #5).

 



The arrows in Figure #5 above and Figure #6 below, because they illustrate moving through space-time instead of just time, are known as “worldlines”. Using Figure #6, we can see that the more one moves through space, the less one moves through time.

Notice that by not moving at all, the “couch potato” in worldline #1 travels three temporal units.  An astronaut moving through a great amount of space at half the speed of light in worldline #2 experiences only two temporal units, while an electromagnetic wave traveling at light speed in worldline #3 experiences no time at all.


In order to reach these amazing speeds and alter the dimensions of space and time, one must go through a great deal of acceleration.  One of the cornerstones of Einstein’s general theory of relativity is that, for all intents and purposes, being in a strong gravimetric field is equal to being accelerated.  This is known as the principle of equivalence.  According to this principle time slows not only for increased acceleration but also in the presence of a significant field of gravity.   Most people would be shocked to realize that since the Earth’s formation, 10,000 more years have passed on the Earth’s surface than on the surface of the Sun.  This discrepancy is due to the strong gravimetric field surrounding the Sun.  Both intense gravity and acceleration actually curve space-time, resulting in the contraction or dilation of space and time.


In Figure #6 we can see that worldline #3 is that of light and represents the fastest rate at which something can travel.  This cosmic speed limit is known as the light barrier and can be even better understood by plotting two dimensions of space and one dimension of time as in Figure #7 below.
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At 45 degree angles, the light barrier creates two light cones, the bottom being all past space-time events, while the top cone represents all possible future space-time events.  Each “now” along a worldline is represented by the intersection of the two cones, so that every moment has a distinctly different set of past and future light cones.  All points outside the top light cone  are beyond the speed of light and are therefore impossible to reach.  Before discussing the worldlines of consciousness we must first discuss ramifications from a very different view of space and time: quantum theory.

A Brief History of Quantum Theory
In the first part of this century Max Planck's work with lumpy energy and Albert Einstein's work on the photoelectric effect helped create a new model of energy.  This revolutionary model clearly demonstrated that energy, instead of having a continuous structure as dictated by nineteenth-century thermodynamics, manifests itself in the form of packets or quanta.

One of the most common forms of these quanta was that of light, and so consequently the concept of light as a particle, the photon, emerged.  These photons were not particles in any Newtonian nor Cartesian sense of the word however.  This was demonstrated by what is known as the double-slit experiment, which illustrates how light acts like a wave by interfering with itself, producing an interference wave pattern.  In 1923 Louis de Broglie used Einstein's own equation, E = mc2, to show that Planck's constant, which had previously only been applied to energy, must also refer to matter.  De Broglie showed that just as light manifests itself as both waves and particles, matter manifests itself as both particles and waves.  He did this by demonstrating that the interference patterns in the double-slit experiment also occurred when using matter (in the form of electrons).  Therefore it appears that traveling particles somehow interact and interfere with one another as if they were really waves.
And yet the notion of waves of matter was nonsensical.  The solution to this puzzle, via Erwin Schrödinger, was that these were waves of probability.  Schrödinger proposed that the interference wave pattern of the double-slit experiment was a manifestation of combined probability waves, showing where photons (or electrons) are most likely to be located.  In this view, the probability wave is referred to as a wave function and operates as a mathematical description of all possible locations of the particle combined into a single whole, referred to as superposition of all possible states.

Even stranger, the superposition described by the wave function appears to collapse into a single actual position once a measurement is made.  Referring back to the double-slit experiment, if a measurement is made discerning which slit the particle passed through, then the interference pattern collapses.  It's as if the actual location of the particle does not manifest itself until it is observed or until it comes into contact with the photosensitive plate.  The latter is referred to as decoherence and describes a collapse of the wave function without a conscious observer.

This quantum model of nature, which consists of the wave aspect of the particle (the wave function) going through both slits and then collapsing into the particle aspect (a single location), was most strongly supported by Neils Bohr and eventually came to be known as the Copenhagen interpretation.  The wave aspect of light and matter is an oversimplification of the double-slit experiment however.   At closer inspection it fails to provide an exact analogy. In order to bring into relief the strange ramifications quantum theory has on our understanding of time, we must examine this aspect of light and matter more critically.  

We have discussed how light particles and electrons can interfere with themselves producing an interference wave pattern.  This happens when all the potentialities of a single particle seem to interact with one another.  But this also happens for multiple particles even if you fire the particles through the slits one at a time.   The various particles “ 'reach across time' producing an interference pattern as though both photons were present in the same moment!" (Marshall, p.66).  This interference occurring across either time or space is referred to as quantum interference or quantum entanglement.  One of the interesting things about entanglement is that is seems to be the antithesis to Einstein’s physics.  How could fixed events in space and time (according to Einstein) interfere with one another, staying entangled until collapsed either by a measurement or decoherence?  The answer is that we don’t really know (although many physicists have ventured speculations, which we will discuss later).  Interestingly there are experiments that show that events from the past may still be affected by events in the present.  Let’s see what we mean by this.

Erasing the Past

In his book, "About Time: Einstein's Unfinished Revolution"(1995), Paul Davies describes experiments performed separately by Marlan Scully and Raymond Chiao at UC Berkeley involving "quantum eraser" experiments with delayed choice.   This experiment, originally conceived as a thought experiment by John A. Wheeler in 1978, is similar to the double-slit experiment in that there is a way to tag the light particle so that the experimenters can find out what path the light took.  Similar to the double-slit experiment, finding out what path the light takes destroys the interference wave pattern that is seen only when all the paths are somehow taken.  Unique to this experiment however, this method of detection can be cancelled out (erased) later in the experiment, restoring the original interference pattern.  And yet there is no such thing as a restoration of the interference wave pattern.  Either the photon takes a specific path and there is not pattern or the path it takes can never be known and thus an interference pattern manifests.  By erasing the tag, we appear to be changing the past.  Perhaps a more accurate description, however, is that “the record of the past remains not only incomplete but *undecided* because of the subtle long-range entanglement between…  photons" (Davies, p.176).  Quantum researchers, Nadeau and Kafatos, also point out that:

"The results of these and other experiments not only show that the observer and the observed system cannot be separate and distinct in space.  They also reveal that this distinction does not exist in time.  It is as if we caused something to happen 'after' it has already occurred.  These experiments… unambiguously disclose yet another of the strange aspects of the quantum world -- the past is inexorably mixed with the present…" (1999,p.242)

Davies also states that the "Berkeley group" has suggested a similar experiment with an even greater delay.  In this experiment the information from the experiment would be stored on a computer and then the experimenter would have the choice to (A) view the data, which indicates the specific path the photon took (thus collapsing the wave function) or (B) to actually "scramble" the data, destroying said data and thus restoring/preserving the wave function.  In my opinion, this type of proposed experiment goes much further than previous experiments in that there would be a significant time interval between the "detection" of the photon and the subsequent collapse or no-collapse of it's wave function.  This greater time delay may even allow the opportunity to further investigate whether or not consciousness is responsible for collapsing the wave function.  Another point that quantum researchers, Nadeau and Kafatos, make is that “in the delayed choice experiments, the collapse of the wave function occurs over any distance and is insensitive to the arrow of time" (1999, p.186, italics added).  This is in direct contradiction to Marshall and Zohar, who I quoted earlier as saying that the collapse of the wave function is not time symmetric.


Another interesting implication from the quantum eraser experiment is that it seems as though some events in the past are determined while other events having the same time coordinate can remain undetermined.  Whether or not a past event remains in a determined or non-determined state is therefore dependent upon the observer of that event.   It is interesting to note how much observer-dependency arises in both quantum theory and relativity.    In addition, if parts of the past exist in a superimposed state, as in the quantum eraser experiment, and if future events are "already there" like Einstein and others have proposed, then it would certainly seem plausible that some, if not all, of these future events would exist in a superimposed state as well.


And yet an important distinction must be made in this discussion; it is the difference between the microscopic and the macroscopic.  The majority of physicists are of the opinion that the strange effects of quantum mechanics are only found on the microscopic level and not on that of the macroscopic.  And so, according to this interpretation, the only future events that may be in superposition are those of the subatomic world.   “Schroedinger’s cat” is a famous thought experiment that was meant to illustrate the absurdity of taking quantum theory to the macroscopic level.  In this thought experiment the life of a cat hangs on the outcome of a quantum event.  If no one witnesses this event to collapse it’s wave function, then according to the strict interpretation of quantum mechanics all outcomes exist in superposition.  By crossing from the micro to the macro-world, this superposition is extended to include the cat as well.  However we know that when we observe the results of this experiment, we will not see a cat that is in superposition of being dead and being alive.  In our experience there is no such thing as a live/dead cat.


And yet this apparent absurdity is just what some quantum physicists insist is happening.  According to Hugh Everett’s  “many-worlds theory”, first introduced in 1957, the so-called collapse of the wave function, in which all possibilities collapse to just one actuality, is nothing of the kind.  According to Everett and others, the whole idea of a collapse is an ad hoc argument meant to simplify the true core of quantum theory, that all possibilities do exist and continue to exist even after the so-called collapse.  The collapse is not a collapse at all, but is rather the branching of realities in which we, as observers, have entered into one of the possible realities forever separated from the other possible worlds.  Experiencing Schroedinger’s cat from this perspective, we do not see a live/dead cat because as soon as we observe the cat, we enter one of the possible states of superposition.  Although very controversial, it is interesting to note that this interpretation seems more true to the principles of quantum theory than any other.  One criticism leveled against it is that quantum theory is meant to describe the subatomic world and not all of reality.  Proponents of the many-worlds theory characterize this distinction as simply a rationalization meant to protect the traditional “safe” view of the universe.


One of today’s most famous and vocal supporters of Everett’s theory is David Deutsch, the father of quantum computation.  Deutsch points out that in the double-slit experiment, the single photon is not interacting with other possibilities, but rather with real photons in other parallel universes.  Deutsch refers to this collection of multiple realities as the multiverse.  One of the intriguing aspects of Deutsch’s work is how creative and original it is.  For instance, his view of parallel universes is not one of parallel or intersecting worldlines.  Instead he characterizes a worldline itself as an ordered collection of parallel universes (1997).  This forces us to rethink the whole concept of the many-worlds theory and what exactly a parallel universe is.  For instance our life, instead of a single timeline, would be a collection of parallel universes ordered in such a way that it seems to flow from past to future.  But we have already seen that the passage of time is an illusion.  Instead we are left with Deutsch’s collection of cosmic snapshots.


And what does this have to do with consciousness, one might ask.  Probably the important ramification for our study of consciousness is that if all possibilities on the macro level do indeed exist, then there are many copies of our consciousnesses doing many different things, all at the same time.  This notion will come up again in our discussion of current consciousness research.

The strongest criticism against the many-worlds interpretation of quantum physics is that every time a measurement is made it appears that reality splits or branches into a multitude of universes.  Because there are so many measurements (i.e.; observations) occurring continuously, there is consequently a never-ending creation of an infinite number of parallel universes.  On the surface this infinite branching seems to be about as far as possible from Ockham’s razor, as well as the principle of the conservation of energy.  To this researcher however, this argument is not a robust one.  For instance, the idea of branching or world-creation seems to be based upon the unidirectionality of time and limited to the perspective of a single universe, “uni-centric” if you will.  For if the dimension of time is a static one and yet is populated by a multiplicity of universes, then world branching would not be characterized by the creation of anything.  Rather the multiple outcomes would be “already present” in a future time coordinate.  The branching would therefore simply be the bi-directional act of joining of one universe to another, a seemingly excellent candidate for a primary role of consciousness if not consciousness itself.

 Another one of the criticisms against Deutsch’s ideas is that quantum theory is mainly concerned with probability, and yet how can we even talk about probability in a theory where every outcome that is possible becomes actual.  This means that from the perspective of the multiverse, the probability of every outcome is 100%.  Deutsch counters this argument by focusing our attention on proportionality.  Just because there are an infinite number of universes representing all outcomes, the proportion of these universes will still determine the probability of a certain outcome occurring in our universe.  For example, if we were to flip a coin two times, the odds that we would get heads twice in a row are one in four, or a 25% chance.  In Deutsch’s interpretation of quantum theory, this means that 25% of the universes would have the outcome of heads-heads, 25% would have tails-tails, and so on.


How would this interpretation now gel with our earlier discussion of Einstein and the intersection of simultaneity-planes?  First we would need to represent the entire set of possibilities at one time coordinate within the light cone.  We can do this by plotting a disc within the light cone at T1 as in Figure #8 below.  A simultaneity-plane, instead of intersecting one event at a fixed point in time, would instead intersect an infinite set of events (our multiple-events disc), all occupying a single time coordinate.  It seems that the same would have to be true for a simultaneity-plane intersecting the past light cone.  For whether the events lie in a future or past light cone is determined from the relative “now” always located at the intersection of the two light cones.  It seems that from another inertial frame of reference, this relative “now” is inconsequential.
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Much of what we have discussed about time is applicable to our study of consciousness.  The assumption is that consciousness is a fixed epiphenomenon or at least a correlate of some physiological (physical) processes.  And so any conclusion we reach about the ontological nature of time (change) per se must also apply to consciousness.  But it is also possible, although admittedly not likely, that this conceptual yoke is erroneous and consciousness may indeed experience discrete conscious sensations, which differ from clock-time or physical time.  It is also possible that consciousness, being part of a nonlocal universe might exhibit nonlocal properties.

It is now time to take a look at some of the latest findings in consciousness research and how these findings might be interpreted using some of the theories and concepts discussed in this paper.

The Presponse

In the last several years a very intriguing experiment was conducted by Dean Radin then replicated by Dick Bierman at the University of Amsterdam and later by psychology students at the University of Edinburgh.  The design of the experiment was fairly simple.  A group of subjects were told to press a button, several seconds after which an image would appear on a computer screen.  The images would be either calm, that is emotionally neutral, or emotional, depicting violent or erotic scenes.  Various means of measuring skin conductance were employed to gauge the subjects’ unconscious reactions to the various images before, during, and after the image was showed.  Radin’s experiment was designed to “explore whether some intuitive hunches, especially ‘bad feelings’ about upcoming decisions or actions, may be due to unconscious precognitive glimpses of future emotions” (Radin, p.6).  The basic procedure is illustrated in Figure #9 (Radin, p.7) below.
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As expected, the highly emotional images prompted increased skin conductance in subjects during and after the images were displayed.  Prior to the image being displayed however, there was a 6 second gap between the moment the subject pushed the button and the moment the computer displayed the image.  The remarkable result that Radin and the others found is that a few seconds prior to the image being flashed, there was a discernable increase in the skin conductance for emotional images versus calm images.  These differences are shown in Figure #10 below.
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One can see from Figure #9 that subjects experienced a physiological response before the stimulus was presented.  Radin refers to this “precognitive response” as a presponse.  When Radin measured galvanic skin response in place of skin conductance, the same results were found.  See Figures #10 and #11 below (Bierman, pp.372,373).
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As is seen in Figure #11 above, when analyzing the nature of the emotional images it was found that there was a profound increase in the GSR readings for violent emotional stimuli versus erotic emotional stimuli.  It is not difficult to hypothesize the evolutionary benefit this presponse would provide an organism.  Those whose nervous systems were prompted for a “flight or fight” reaction shortly before a violent interaction would certainly have an advantage over those organisms which did not.  Indeed if there were a way for consciousness to somehow perceive possible future outcomes, I’m sure that in the billion or so years of evolution, life has discovered the method.

In his papers, Radin has proposed that this presponse is the result of information moving backwards through time.  He questions the blind assumption of cause and effect linearity.  I agree with Radin’s characterization of cause and effect, although I think that the notion of backwards-moving information could fall prey to the same uni-centrity mentioned before.  In any case, Deutsch’s multiversal theory is a key component.  Without it, information moving backwards though time would originate from a fixed future would therefore thrust us into a temporal paradox.  After all, providing information before an event has the capacity to change the event.  In addition, if the future were fixed there would be no evolutionary benefit to speak of: the die would have already been cast.  

Deutsch’s multiversal theory explains how organisms could have “bad feelings” about a situation and still be able to avoid the dangerous situation, which may have prompted the “bad feelings” in the first place.  For instance, if such a perception were to occur, it would not originate from a fixed future outcome but more likely from a set of possible outcomes, a proportion of parallel universes where the organism’s life was in danger.  In perceiving and then acting on this perception (either unconsciously or consciously), a conscious organism could therefore choose what parallel universes will join with one another, and in so doing, would form a single continuous worldline.

In any case, it seems difficult to free ourselves from the perspective of the relative “now”, in which information is traveling forward into the future or backwards into the past depending on “when” we are.  Perhaps a way to view the passage of time, and thus change itself, lies in the case of lightening.  When lightening is said to “strike the ground”, it appears that the bolt originates from the clouds above and travels to the ground below.  But this is not entirely accurate.  In actuality, many bolts attempt to rise from the ground to meet with the large bolt moving downwards, but just one is successful in doing so.  Perhaps something similar happens to create the illusion of the passage of time.  Perhaps the collapse or branching (depending on what interpretation of quantum theory you favor) appears for the most part to propagate forwards through time, while there also exists a less obvious collapse or branching from a future time coordinate into the past.  Perhaps the meeting of these parallel universes is the co-creative “choosing” mentioned earlier.  This may not be as outlandish as it sounds.  David Deutsch is among a group of physicists that think experiments could be carried out which temporarily join parallel universes, “allowing physical influences to slip through” (Davies, p.232).

This co-creative joining finds philosophical support in the writings of Hegel, Whitehead, and Prigogine, among others.  It is not being or non-being that matters, but the place in-between, that of becoming.  In our discussion of time, these delineations become clear.  Being, in the context of the “now”, would be the present moment, while non-being would be a past or future moment.  Or in Einstein’s conceptual framework, all points on one’s worldline are being.  But the latter is composed of static points without the conscious “now”.  And, after all, how can consciousness exist without the relationship between space-time events, without the experience of the passage of time?  If we could freeze a moment, would we find consciousness like we might find a physical object?  Or is consciousness, by its very nature, relational.  This researcher feels strongly that it is the latter.  In addition, when viewing reality through a multiversal lens, the act of collapsing/branching is also an act of becoming, not a static but a dynamic relational event.

In any case, we have clearly moved to a point beyond the reach of the current scientific paradigm.  The findings in consciousness research described above as well as the inconsistencies in current theories ensure the development of new ways of thinking about time, consciousness, and reality.  Indeed “major progress in science comes when the orthodox paradigm clashes with a new set of ideas or some new piece of experimental evidence that won’t fit into the prevailing theories” (Davies, p.199).  Clearly there is something missing from our current physics of time.  Perhaps the answers can only be found in the post-modern physics of the 21st century, in which current assumptions are challenged and an atmosphere is fostered in which new ideas and interpretations are received with an open but discriminating mind.
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