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what is real?
Matthew Raspanti, 10/05/09
"I do take 100 percent seriously the idea that the    world is a figment of the imagination," 

 John Wheeler, physicist
Abstract - Part 1 of this essay gives an overview – by no means exhaustive - of how, for some 80 years, eminent physicists and philosophers have reflected and debated about the nature of reality in the light of quantum mechanics, often in very counter-intuitive ways. Part 2 shows how the advent of quantum mechanics has brought about a “reality crisis.” Part 3 suggests a possible solution, which I have presented elsewhere in greater length.
(My book “Physics for Beginners”can be downloaded for free from my website  www.thenatureofthings.info]

1, AN OVERVIEW OF AN AMAZING DEBATE
At the beginning of 1925, the quantum theory of physics, which started with Niels Bohr in 1913, was still a hodgepodge of hypotheses and cookbook rules. In the 12 months following June 1925, quantum theory finally gained a firm mathematical footing. Not one but two distinct mathematical formulations emerged, independently of one another. one by Werner Heisenberg, the other by Erwin Schrodinger.  Later, the two formulations were proved to be equivalent aspects of a single theory, now called quantum mechanics. This theory has been enormously successful in explaining phenomena at the atomic and subatomic level. Its interpretation, however, has been highly controversial. “Quantum mechanics is very much more than just a ‘theory’; it is a completely new way of looking at the world, involving a change in paradigm perhaps more radical than any other in the history of human thought.” 
  

In October of 1927, some thirty eminent physicists met to discuss the meaning of the new theory. The meeting brought out a fundamental divide among the architects of the theory. It was a divide between two conflicting worldviews: “realism” and “antirealism.”


The physicists in the realist camp were a minority, which included Einstein, Planck, de Broglie and Schrodinger. Realists believe that 
microphysical particles as well as macrophysical objects have independent physical existence with properties of their own, whether or not they are being observed. Also, they believe that the goal of science is to discover how the world really is. In Einstein’s words, “Reality is the business of physics.”

Among the physicists in the antirealist camp were Bohr, Born, and Heisenberg. Anti-realists believe that there is no such thing as an objective reality at the micro-level. “Following, often unknowingly, in the footsteps of … the eighteenth-century philosopher Bishop George Berkeley
, antirealists hold that what we call ‘reality’ is merely a mental construct and hence that things like the moon exist only in so far as human beings are observing them.” 
  


In the late 1920s, Bohr formulated an interpretation of quantum mechanics known as the "Copenhagen interpretation," which incorporated the views of Bohr, Born, Heisenberg and others. This interpretation became the “orthodox” view of quantum mechanics, and   was taught in colleges to future physicists.  The great majority of physicists have accepted, or at least given lip service to, this interpretation. What has mattered all along to most physicists is that quantum mechanics works extremely well as a practical tool.

Later, other interpretations of quantum mechanics were proposed; in more recent decades, some have gained wider acceptance than when initially proposed.
1,1 Some aspects of the Copenhagen Interpretation

There are two distinct basic sides of the Copenhagen Interpretation: 1) There is no deep reality, and 2) Reality is created by observation.


The objective existence of, say, an electron at some point in space, independent of actual observation, has no meaning. The electron seems to spring into existence as a real object only when we observe it. Equally meaningless is the notion of an electron following some particular path from some point P to some point Q.

 XE "probability wave" According to Bohr, an electron (or any other quantum micro-entity) does not really exist in the form of a particle, when nobody is looking at it. In Bohr’s words, “There is no quantum world. There is only an abstract description.”

In the micro-world, the very act of observing something unavoidably changes it: the observer is very much part of the experiment. The reality that is observed cannot be divorced from the observer and what he chooses to observe. “In Bohr's view, there are no atoms, only measurements. The atom is a creation of the human mind to bring some order into the chaotic pattern of observations. Only what we observe can be considered real.” 


Heisenberg's uncertainty principle tells us that it is not possible to measure at the same time the velocity and the position of a particle with whatever precision we might wish. The Copenhagen Interpretation goes further. What is questioned is whether, prior to some observation, there is a particle that exists on its own with a precise velocity and a precise position.


According to classical (pre-quantum) physics, the entire universe consists of nothing but ordinary objects, where by "ordinary object"  XE "ordinary object" we mean some physical entity that possesses attributes of its own, whether they are observed or not. Quantum mechanics, instead, denies the common-sense notion that ordinary objects are made of more fundamental ordinary objects. All things are made of atoms but, in Heisenberg's  XE "Heisenberg, Werner" words, “atoms are not things". Also by Heisenberg: “Some physicists would prefer to come back to the idea of an objective real world whose smallest parts exist objectively in the same sense as stones or trees exist independently of whether we observe them. This however is impossible.” 


The Copenhagen Interpretation does not attempt to explain what might really be happening "behind the scenes" in the quantum world. A scientific theory is nothing more than a mathematical model conceived by physicists to describe their observations. What matters in physics is the development of mathematical equations that enable the physicists to predict and control the behavior of particles. In  XE "Bohr, Niels" Bohr's words: "It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature." 
 

1.2 The Bohr-Einstein Debate
After the 1927 meeting, Bohr and Einstein carried on an intense, but friendly, debate on the nature of reality, a debate that would continue for almost 30 years until Einstein's death in 1955.  Over the years, Einstein proposed one thought experiment after another trying to undermine Bohr's interpretation. Again and again, Bohr was able to win the argument by showing how the thought experiment actually could not be carried out as proposed by Einstein.


One point of contention in the debate was a fundamental concept of quantum mechanics: randomness.   XE "randomness in quantum mechanics" Quantum mechanics predicts only the probability of some result. Consider, for instance, the radioactive decay of a large number of identical atomic nuclei. Quantum theory says that the decay is a completely random process. It can tell us precisely what percentage of the nuclei will decay, but it cannot predict which particular nuclei will.  In Einstein’ view, this randomness was the result of our ignorance of factors as yet unknown, some "hidden variables." Consequently, quantum mechanics could not be a complete theory.


The Copenhagen Interpretation, instead, asserts that there is something absolutely fundamental about randomness. Although one atomic nucleus decays and another does not, both were previously in identical states. There are no “hidden variables” that might explain at a deeper level of reality why one nucleus decays and another does not; just pure randomness. To Einstein and others, this violated a fundamental principle of science, the principle of causality, whereby every effect must have a cause. Einstein summarized his refusal to accept randomness with his famous remark "God does not play dice with the universe".
The idea of hidden variables was dealt a serious blow by John von  XE "Neumann, John von" Neumann, a Hungarian mathematician who had emigrated to the United States. In 1932, he presented a mathematical proof, which stated that no theory based on  XE "hidden variables" hidden variables could ever properly describe the behavior of quantum entities. Von Neumann concluded that fundamental entities such as electrons cannot be ordinary objects, nor can they be made of ordinary objects that are presently unobservable. The existence of an ordinary reality underlying the quantum facts, he claimed, is mathematically incompatible with quantum theory. He was one of the greatest mathematicians of his day, and his conclusion went undisputed for more than 30 years

Einstein’s fundamental objection to quantum theory was not as a determinist, but as a realist. He believed that the objects of reality exist in time and space, independently of any observers, with properties of their own, whether they are being measured or not. 

In March 1947, he wrote: “I cannot seriously believe in [the quantum theory] because it cannot be reconciled with the idea that physics should represent a reality in time and space, free from spooky actions at a distance.” 


Around 1950, a friend of Einstein’s recalled: “We often discussed his notions on objective reality. I recall that during one walk Einstein suddenly stopped, turned to me and asked whether I really believed that the moon exists only when I look at it.” 
 
1.3 The EPR Paradox  XE "EPR paradox" 
In 1935, Einstein and two other physicists, Boris Podolsky and Nathan Rosen, proposed a thought experiment, which became known as the EPR (Einstein-Podolski-Rosen) experiment. Their strategy was to show that, following impeccable reasoning strictly in accordance with the rules of quantum mechanics, they were led to a conclusion so absurd that quantum theory had to be viewed as incomplete. 


Basically, the experiment starts with generating many pairs of particles, A and B, which are initially in close proximity and "entangled" with one another in such a way that, regardless of distance, they remain linked together in some way. According to the Copenhagen Interpretation, the actual values of some property X of particles A and B remain indeterminate until some measurement is made.

Suppose now that the two particles move in opposite directions until they are far apart. When an experimenter decides to investigate A, he finds that it has, say, property X = +1. Quantum mechanics requires that particle B acquire property X = -1, as if it knew instantly the status of its twin (Einstein’s “spooky actions at a distance.”)

Even though the two particles may be now millions of miles apart, quantum mechanics tells us that particle B must be affected instantly by something the experimenter has decided to do far away to particle A. Einstein strongly believed that "no reasonable definition of reality could be expected to permit this."


What appeared to be violated was the common‑sense principle of "local causes", or "locality" principle.  XE "locality principle" What happens in some area cannot be affected by what an experimenter may decide to do in some other distant area, if the two areas are so far apart that there is not enough time for a light signal [the fastest possible] to connect the two events. 


In Einstein's view, the far away particle B was independently real and had all along property X= -1. He could not accept that the value of X could be affected instantly by what was done far away to particle A.


In Bohr's view, instead, one could talk about the value of property X only when it was measured. Until a measurement is actually performed, the two particles must be regarded as a single totality, however far apart they may be. 


The EPR experiment had brought out an unexpected implication of quantum mechanics, "non‑locality".  XE "non-locality" It became known as the EPR paradox, and was never resolved in Einstein's lifetime. Quantum mechanics was left with an unsatisfactory dilemma: either it was incomplete – i.e., it failed to account for some aspects of physical reality - or it violated the principle of finite propagation speed of physical effects, whereby reality cannot be influenced by measurements simultaneously performed at very large distances.

1.4 Schrodinger’s cat

In the Copenhagen Interpretation, Bohr adopted the pragmatically convenient view that macroscopic objects, such as chairs and planets, do exist out there, but fundamental micro-entities such as electrons do not. Thus, in his view, the world is divided into two realms, macro and micro, "classical" and "quantum." The result is “an incoherent philosophical doctrine, which (according to Richard Feynman) nobody really understands." 
 
In 1935, Schrodinger devised a thought experiment to demonstrate the problems that arise in quantum mechanics (QM) when the microscopic and the macroscopic are both involved in an experiment. According to QM, a physical system (such as the nucleus of a radioactive atom) is in a superposition of states (“decayed” and “not decayed”). Only when an observer performs a measurement does the system “collapse” into one of the states, which is the state seen by the observer. 


In Schrodinger’ s thought experiment, a cat is locked in a steel box with a flask of poisonous gas, a Geiger counter and a very small amount of radioactive material, so small that there is a 50-50 chance that, in the course of one hour, at most one atom will decay.

If that happens, it will be detected by the Geiger counter, which will cause the release of a hammer, breaking the flask of poisonous gas and killing the cat. 


Let us assume that the whole system is left to itself for one hour, before an observer opens the box. During the hour, according to QM, as long as a nucleus is unobserved, it is in superposition of the “decayed” state and the “non-decayed” state. It logically follows that the cat must also be in a superposition of “alive” and “dead” states: the cat’s fate remains indeterminate – he is simultaneously dead and alive - until the box is opened and an observer can see what is happening. To Schodinger, it was totally absurd that, until observed, the cat would be simultaneously dead and alive.

1.5 John S. Bell


Like Einstein and Schrodinger, John Stewart Bell (Irish physicist, 1928-1990) was a realist. In 1964, he published a seminal paper titled “On the Einstein-Podolski-Rosen Paradox,” which has been viewed by some as "the most profound in science."  In it, Bell proposed a thought experiment to test whether we do live in a ‘local reality,”  XE "local reality" the kind of common-sense reality demanded by Einstein.


A "local reality" is defined as one that is "local" (no influence can propagate faster than the speed of light) and "real" (whether we observe them or not, real particles exist "out there" with well defined properties of their own, independently of any observer).


Bell’s thought experiment would be carried out on many "entangled" pairs of particles emitted simultaneously in opposite directions a la EPR. Now, however, the particles of each pair are intercepted at two detectors A and B, where the same kind of measurement is performed on them.

Bell proved a theorem stating that, if we indeed live in a "local reality", then the measurements made at A an B on a large number of pairs of correlated particles must satisfy some particular ”inequality” (some X must be equal or less than some Y). Quantum mechanics, instead, predicts the violation of this inequality (i.e., X is larger than Y).

Bell's criterion to test for local reality was, in principle, quite specific; the trick was to carry out the very difficult experiment called for. At the time, even Bell thought his experiment was not a practical possibility.


Over the following 20 years, however, a number of variants were proposed for Bell’s theorem and his inequality, and a number of ingenious experiments were actually carried out. The most comprehensive and conclusive of these were those done by the physicist Alain Aspect  XE "Aspect, Alain" and his colleagues in Paris in the early 1980's. 

The experiments performed so far overwhelmingly show that Bell inequalities are violated. This has vindicated quantum mechanics while suggesting that one or both of Bell’s assumptions cannot be valid: the Universe cannot be both "local" and "real".

1.6 Bohm’s Realist Interpretation

An interpretations of quantum mechanics that departs substantially from the Copenhagen Interpretation, was developed by David Bohm.  In this interpretation, reality consists entirely of ordinary objects. Undeterred by von Neumann's proof, Bohm pursued a quantum theory based on hidden variables, as de Broglie had attempted back in 1925,  In Bohm’s model, the electron, for instance, is a real particle, which has at any time a definite position and momentum (mass x velocity).  Each electron, however, is connected to a “pilot wave,” which changes its shape instantly whenever a change occurs anywhere in the world, and guides accordingly the electron’s movements. 


Through the omnipresent pilot wave, everything in Bohm's reality is connected to everything else, and is instantly affected by whatever happens to everything else. Bohm writes accordingly about a universe of "undivided wholeness" and distinguishes between an "explicate order" (the one the laws of physics refer to) and an underlying "implicate order."

1.7 Everett’s “Many worlds” Interpretation
A bewilderingly different interpretation was developed by Hugh Everett  XE "Everett, Hugh" in 1957, while still a graduate student. His basic idea is that, whenever the universe is faced with a quantum choice, the entire universe splits into as many copies of itself as there are possible options. For instance, in the two-hole experiment, when an electron is faced with the choice of two holes, the Universe splits into two copies: in one universe, the electron goes through one hole, while in the other universe, the electron goes through the other hole. Everett’s solution of the Schrodinger’s cat paradox would be that the cat is dead in one universe and alive in another

This theory "requires an infinite number of universes, each splitting into infinitely more versions of reality every split second, as all the atoms and particles in the universe(s) are faced with quantum choices, and follow every possible route into the future at once." 
 
1.8 Is the moon real?

An article in Physics Today (April 1985) starts as follows:

“Is the moon there when nobody looks?
Reality and the quantum theory.
Einstein maintained that quantum metaphysics entails spooky actions at a distance; experiments have now shown that what bothered Einstein is not a debatable point but the observed behavior of the real world.” 

The author is N. David Mermin, then director of the Laboratory of Atomic and Solid State Physics at Cornell University. The body of the article never comes back to the above opening statement. In his book “Quantum Reality,” however, physicist Nick Herbert writes:

“Consider … Cornell physicist N.D. Mermin’s curious argument that since Bell assumes a local reality, we can blame [the violation of Bell’s inequality] either on the assumption of locality, or on the assumption of reality. Mermin wants to keep locality, so, as far as he is concerned, reality must go.” 
  
1.9 Anthony J. Leggett

Sir Anthony J. Leggett is widely recognized as a world leader in the theory of low-temperature physics; his pioneering work on superfluidity was recognized by the 2003 Nobel Prize in Physics. He was born in South London, UK in 1938; since 1983, he has been a faculty member at the University of Illinois.
Starting around 1980, his research interests have shifted away from superfluidity; currently, his major interest is in experimentally oriented studies of conceptual issues in the foundations of Quantum Mechanics. As he notes in his autobiography (2003), his research is concerned “above all …[with] the theory of experiments to test whether the formalism of quantum mechanics will continue to describe the physical world as we push it up from the atomic level towards that of everyday life (a program for which my shorthand is ‘building Schrödinger's Cat in the laboratory’). It is satisfying that this program, which when proposed twenty-five years ago met with considerable skepticism, seems in the last three or four years to have come to fruition, in the sense that several experimental groups have realized, quantum superpositions … which can be legitimately regarded as of the "Schrödinger's Cat" type.” 

Leggett, who does not believe that QM is a complete theory, has posed the question: “Is it in fact obvious that Quantum Mechanics (QM) is the whole truth about the physical universe? In particular, does it follow that because QM describes brilliantly the behavior of electrons and atoms, and everyday matter is composed of electrons and atoms, then QM must describe, in all respects, the behavior of everyday matter?... [Leggett is willing] to take seriously the possibility that QM may not be the whole truth about the physical universe, and in particular that new laws of physics may come into play as we go from the atomic to the everyday level.” 

Leggett’s approach is “to try to make a very general hypothesis, based on our “common sense” notions about the world at the everyday level.” This hypothesis leads to predictions which can be shown to be incompatible with those of QM. He calls this hypothesis “macroscopic realism” or “macrorealism” for short, and gives for it the following preliminary formulation: “Whenever a macroscopic body has available to it two (or more) macroscopically distinct states, then [at any time] it is definitely in one or the other [state].” 

This is clearly in direct conflict with the quantum mechanics  notion of a superposition of the two states in question. “Thus, any confirmation of the predictions of QM based on the existence of such a superposition, while not necessarily formally a refutation of the macrorealism hypothesis, could be regarded as circumstantial evidence against it.” 
 Leggett’s view are still controversial but a number of physicists are pursuinig theoretical and experimental work in this field.


In the original EPR experiment and all the subsequent Bell-type experiments, what was at issue was the reality of the particles involved, i.e. whether these particles have properties of their own,  independently of any measurement. While Einstein claimed that they did, Bohr asserted that they resulted from the experimental setup. Thus, all these experiments were testing “microrealism.” Leggett’s work on macrorealism, instead, might eventually support (or deny) Einstein’s insistence on the Moon still being there when nobody is looking.


Leggett has also made a significant contribution to the testing of “microrealism.” Back in 1976 and 1977, he had two one-semester teaching assignments with the University of Science and Technology in Kumasi, Ghana. While there, he had time, on the side, to write a paper on nonlocal hidden-variables theories which he eventually published a quarter-century later, in 2003.

 In this work, Leggett asked himself what might be required to believe in quantum mechanics. He worked out what would happen if one took seriously the idea of nonlocality in quantum mechanics. 

The only assumption Leggett made was that some natural form of realism hold true. He then laboriously derived a new set of hidden variables theorems and inequalities as Bell once had. But, whereas Bell’s work could not distinguish between realism and locality, Leggett’s did. What was needed next was to carry out some appropriate experiment. If its results were found to observe Leggett’s inequality, they would confirm his assumption of realism.
1.10 Anton Zeilinger

Basic issues in the foundations of Quantum Mechanics have been also one of the research interests of the Austrian physicist Anton Zeilinger (1945- ). He is currently professor of physics at the University of Vienna. He is also the scientific director of the Institute for Quantum Optics and Quantum Information (IQOQI). Zeilinger has been called a pioneer in the new field of quantum information.

In the late 1980s, Anton Zeilinger became interested in quantum entanglement. Together with Daniel Greenberger and Michael Horne, he wrote the first paper ever on entanglement beyond two particles. The resulting so called GHZ theorem is fundamental for quantum physics, as it provides the most succinct contradiction between local realism and the predictions of quantum mechanics. 

As a professor at the University of Innsbruck, Zeilinger started experiments on entangled photons. From the early 1990s on, his goal had been to demonstrate the GHZ contradiction: in 1998, it was finally achieved.
1.11 Testing Leggett’s inequality 

In May of 2004, at a conference in Minnesota, Markus Aspelmeyer, who had recently become a research assistant to Zeilinger at IQOQI, was approached by Leggett about testing the inequality he had developed almost 30 years before and had finally published the year before.

Back in Vienna, with two other physicists at IQOQI,  Aspelmeyer started exploring the project. With Leggett’s assistance, the three spent 6 months thoroughly reviewing his computations. Then, with a few other resident theorists, they went about recasting Leggett’s idea into a form that could be tested. When they were done, they approached Zeilinger for final approval.


If Leggett’s assumption of reality was valid, the data resulting from the experiments carried out at IQOQI by Aspelmeyer’s team would have to observe Leggett’s inequality. The data, however, violated the inequality by a substantial margin, again vindicating QM. 


"Our study shows that 'just' giving up the concept of locality would not be enough to obtain a more complete description of quantum mechanics," Aspelmeyer told an interviewer at Physics Web.org. "You would also have to give up certain intuitive features of realism."


The team’s philosophical conclusions, however, are deemed to be subjective by Alain Aspect, the physicist previously mentioned, who performed the Bell-type experiments in the 1980s. Other physicists have refuted Leggett’s theoretical views.
1.12 In defense of realism  
Raymond D. Bradley is Emeritus Professor of Philosophy at Simon Fraser University, Canada. In recent years, he has returned to an early interest of his: the philosophical interpretation of quantum theory.

In 2000, in a paper titled "How to lose your grip on reality? An attack on anti-realism in quantum theory,” Bradley, a staunch realist, states that “antirealism is … endemic among quantum physicists. … I regard anti-realism as a virulent form of philosophical error.”  
 

This section is based on a briefer paper Bradley contributed in 2004 titled "Does the Moon exist only when someone is looking at it?" There, he summarizes as follows three antirealist claims made by the Copenhagen Interpretation:
1) “Physical theories should restrict themselves to what can be observed or in some way measured. 

2) It is "meaningless" to talk about an object existing except when it is being measured. 

3) Since measurements can only be carried out by conscious human beings, and objects don't exist except when they are being measured, objects can't exist independently of human consciousness.”


The realist counterclaims are summarized as follows:

1) “An objective reality exists whether or not human beings exist or know its features.

2) It is the business of physics to give true descriptions of objectively existing objects such as the moon.
 3) Microphysical particles, like atoms and their constituents, and macrophysical objects, like the moon, may exist whether or not they are being observed.”

Bradley presents then two philosophical arguments to disprove antirealism, as defined by him. 
1. According to antirealism, nothing can be meaningfully said to exist unless it is observed by a conscious human being. It follows then that nothing could have existed prior to human existence. This is absurd since it denies all that science has established about the universe prior to the advent of humankind.

2. Again, according to antirealism, nothing can be meaningfully said to exist unless it is observed by a conscious human being.  On the other hand, any complex object, such as the moon, cannot exist unless its simple constituents exist. Since no one is observing, or ever has observed, the subatomic particles of which the moon consists, they do not exist, thus making impossible for the moon to exist. It would follow, then, contrary to David Mermin, that the moon does not exist even when someone is looking at it.
2. A Reality Crisis

If we were back in the late 1800's and asked any Victorian physicist about the nature of reality, the answer would be unequivocally in materialistic and mechanistic terms. Physicists had found no reason to question the materialistic premise that was their intuitive starting point. As far as they could tell, all things were made of atoms, and atoms were just like tiny billiard balls with an independent existence of their own.

We face today a very different situation. In physicist Nick Herbert”s words: “One of the best-kept secrets of science is that physicists have lost their grip on reality.” 

Other sources echo this startling observation. The physicist Arthur Eddington, for instance, wrote "If today you ask a physicist what he has finally made out …. the electron to be, the answer will not be in terms of billiard balls ... or anything concrete; he will point instead to a number of symbols and a set of mathematical equations which they satisfy. What do the symbols stand for? The mysterious reply is given that physics is indifferent to that; it has no means of probing beneath the symbolism. To understand the phenomena of the physical world it is necessary to know the equations which the symbols obey but not the nature of that which is being symbolized." 

The physicist James Jeans wrote: "Many would hold that, from a broad philosophical standpoint, the outstanding achievement of 20th‑century physics ... is the general recognition that we are not yet in contact with ultimate reality. To speak in terms of  XE "Plato" Plato's well known simile, we are still imprisoned in our cave, with our backs to the light, and can only watch the shadows on the wall." 
 

Finally, in the Encyclopaedia Britannica (1990, vol.25 pg 831 2b), we read: "The physics of fundamental particles does …. pose basic metaphysical questions to which neither philosophy nor physics has answers. Nevertheless, the physicist has confidence that [his mathematical tools work] with such a precision and over so wide a range of phenomena that he can afford to postpone deeper inquiry into the ultimate reality of the material world." 
2.1 Why a crisis?
At the core of the reality crisis is the assertion: All things are made of atoms, but “atoms are not things.” As we saw, “in Bohr’s view, there are no atoms, only measurements. The atom is a creation of the human mind to bring some order into the chaotic pattern of observations. Only what we observe can be considered real.”

Herbert points out that, in spite of its enormous success, contemporary physics "fails to give us a single  XE "metaphors for the universe" metaphor for how the universe actually works." 
 The Aristotelian world was compared to a living organism. The Newtonian world, on the other hand, was compared to a clock mechanism. These metaphors condensed in a single image the key features of an overall conception of reality. "We are now certain that the world is not a deterministic mechanism. But what the world is we cannot truly say." 
 


Physicists cannot agree on what is holding up the edifice of quantum theory.  Different theorists looking at quantum mechanics come up with profoundly different models of reality, all of them outlandish compared with the ordinary experience of daily life. Some of the claims regarding how the world really works resemble “the tales of mystics and madmen.” 
 Most physicists, however, are greatly reluctant to tinker with, or even critically examine, the foundations of quantum theory. They are satisfied to use the theory as a very effective tool for calculating results and leave it to the philosophers to wonder what’s really going on behind the mathematical equations.


Herbert warns us that “when you hear a physicist saying that he ‘denies reality’, we should take it with a grain of salt. Don’t imagine the poor guy believes that everything is a dream. He just means to say that the reality he’s got in mind is a bit unconventional. Physicists who deny reality altogether cease to be physicists and their insights do not appear in physics journals.” 

3. A sOLUTION?

Out of the debate between realism and antirealism, no new “ism” has emerged capable of giving us that new all-encompassing metaphor Herbert sees missing. 
But why? The reason, I believe, is that, deep down, instinctively and intellectually, the overwhelming majority of people – theorists as well as lay people – strongly believe that, to be real, the world we live in must be objective, i.e., independent of any observers, and it must exist physically in space and time. Inextricably, we identify real with objective and physical.  Thus, that we live in a physical reality is taken as a given. At the same time, we accept that our macro-world is made of the micro-entities of quantum theory. But we are told:  “There is no quantum world. There is only an abstract description.” 
 
The notion that our world could “be a figment of the imagination” is simply unacceptable and unimaginable for something we view as truly real, independently of whatever our perceptions and conceptions might be. There seems to be no way of reconciling the stark paradox of a classical physical macro-world being supported by a quantum micro-world that is “only an abstract description.”
The paradox is eliminated by Bohm by holding that both the macro-world and the micro-world have physical existence. Yet, experiments based on Bell’s inequality or Leggett’s inequality give results that question or deny the physical reality of particles. 
Although still modest, the accomplishments achieved by the technology of Virtual Reality has suggested to me a way of resolving the paradox, by showing how something can be objectively real without being physically real. Since 1993, I have proposed a worldview I call Virtualism. According to this worldview,
1) We live in a nonmaterial  XE "Virtual Universe" Virtual Universe, which is somewhat similar to the virtual reality XE "virtual reality"  being developed by computer science, and
2) This Virtual Universe, which includes our entire bodies, is the creation of a Cosmic Mind XE "Cosmic Mind" , of which our individual minds are extensions (metaphorically as fjords are extensions of the sea).
In a metaphor for virtualism, algorithms conceived by the Cosmic Mind run a Cosmic Processor and an array of individual processors, one per individual mind. At any instant, an individual processor, interacting with the Cosmic Processor, presents to its associated individual mind a multi-sensory perspective of the surrounding virtual environment, as it would be perceived at that instant from the viewpoint of the individual mind within the Virtual Universe. At any point in time, the Cosmic Processor contains the data describing the present state of the entire universe, from which the next state of the universe is computed in cyclical fashion. This processing produces a rapid succession of “frames” or images that creates an illusion of motion comparable to that of a cartoon animation. In Virtualism, both the macro-world and the micro-world that supports it are compatible mental constructs. There is no longer a paradox. 
The requirement of physical existence has so totally usurped the very definition of what is real that, to introduce the notion of a nonphysical universe, I find myself using the term “virtual,” which could suggest something fake. The Virtual Universe, however, is not the simulation of some coexistent physical universe. It is the only universe that has ever existed, the only universe there is that we can perceive. It is objectively – but not physically – real since it exists as data processed by the algorithms in the Cosmic Processor. 

As an aid to understand and accept a Virtual Universe, imagine a community of people who, since birth, have been hooked up to a highly sophisticated virtual-reality system. (Nowadays, more than ten million people worldwide spend hours fully absorbed in the virtual world created by the “World-of-Warcraft” computer game.) The only “reality” the members of our imaginary community know is what the system presents to them, and they swear by it as true reality. Whatever they do to check on the objective reality of what they observe fully confirms it, whether they check on the consistency of observations over a period of time, or whether they compare notes with other members of the community, who report compatible observations.
Note that, in virtualism, physics is not affected in any way, Physicists, all along, have actually investigated a virtual universe, which they have preconceived to be physical. From their observations of the Virtual Universe, they have built their theories and laws. These are either good guesses or good approximations of the actual algorithms that run the universe. If the Virtual Universe is actually built on fundamental entities like the electron, there would be in the Cosmic Processor some algorithm defining the properties and behavior of the virtual electron, which would be used countless times. 

My views owe much to the philosopher George Berkeley, the father of Subjective Idealism. Actually, as I see it, he introduced a new notion of objective reality existing, not as objects in a physical universe, but as ideas in the Mind of God. Unfortunately, it has not been easy to visualize in any way what it means to exist in the mind of God. In our time, however, the technology of virtual realty offers convenient metaphors to visualize what Berkeley had in mind.
In Virtualism, for an object, say, a table, to be objectively real, it must exist as data specifying the table in the Cosmic Processor. Here, when called for, suitable algorithms can use the data to generate a multi-sensory “perspective“ of the table for any given point of view. On the other hand, for the table to exist in the shape of a table with legs and a top surface, there must be at least one mind perceiving the table from some particular point of view within the Virtual Universe. This provides a way of interpreting Berkeley’s famous, and much debated, statement: “To be is to be perceived.” I see it as a catchy, but unfortunate, shortcut for “To appear to exist as, say, a real table is possible only within a perceiving mind, provided the table exists as an idea in the mind of God.”
3.1 Final remarks
Bell was a realist, and so is Leggett. With their inequalities, both developed criteria that, if confirmed by experiments, would support realism and undermine quantum mechanics (QM). With very few exceptions, all the inequality-based experiments that have been carried out (including the one based on Leggett’s inequality) have vindicated QM, not realism. This, however, does not mean the defeat of realism. There are enough loopholes for critics to question the experimental results. Leggett himself is among the doubters: he might change his mind, if experiments were conducted in space over very large distances. In his view, “we will never ….  be able to establish unequivocally the truth either of realism or of any specific alternative to it (e.g. QM).…… I know of no set of experiments, and can imagine none, which could establish that the hypothesis of realism taken in isolation is false.” 
 Thus, the debate between realists and anti-realists may go on for ever. 

A key point of this essay has been to show the extraordinary amount of talent that has been (and is being) spent, mostly by physicists, on a debate that, prior to 1927, would have been considered totally inconceivable. Since 1980, interest in the debate seems to have accelerated.

Under these circumstances, the claims of virtualism ought to merit some legitimacy. I do not feel that promoting this worldview – unquestionably bizarre by current views - is a quixotic quest. 

Furthermore, as I discuss in my book “Virtualism, Mind and Reality,” virtualism offers a better approach to the problems of consciousness and mind-body interactions. With the mental as the only metaphysical entity (rather than the physical), there is no need to reduce the mental to the physical. The source of thought does not reside in a physical brain: the whole virtual body is the implementer of thought, within the significant constraints imposed by the virtual environment, which is governed by specific algorithms, the “laws of Nature.”
To believe in the existence of an external physical reality, Descartes relied on his strong conviction that a perfect God would not deceive us. Yet, if God did opt for virtualism, it would be a divinely perfect deception that may never be unequivocally exposed. The triumphs of Science and the well entrenched common-sense notions of what is “real” may forever insure the dominance of Physicalism.
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� In Berkeley’s view, objects can exist only to the extent that they are known or perceived by minds. In his words, “all those bodies which compose the mighty frame of the world have not any subsistence without a mind –  their being is to be perceived or known.”


	Does a physical object then cease to exist when nobody is perceiving it? Does a room, for instance, go out of existence, when I leave it for a while, and does it come back into existence, when I return to it? Berkeley totally denies such a notion. While I am away, the room is no longer an idea in my mind, but it continues to exist as an idea in the mind of God.


Berkeley makes a clear distinction between what we perceive and what we imagine. The things I perceive, he says, are not only ideas in my mind but also ideas in the mind of God; I have no choice in their being passed into my mind. On the other hand, the things I choose to imagine, exist only in my mind, and cease to exist when I am no longer imagining them. The mind of God is what gives objectivity (independent reality) to the world we perceive.  [Based on 2 Joad pg 48]
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