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Preface

Why do bad things happen to good people? In fact, why do good things happen to good people? What is the connection between the goodness or badness of an action and the consequences of that action for its actor? These questions have traditionally been studied in philosophical ethics and have frequently run into three kinds of problems that prevent an objective understanding of morality. 

First, questions of right and wrong are viewed as cultural and social issues, if not personal preferences; something may be right in one society or culture and wrong in another. How can there be an objective theory of morality if morals are what we agree upon rather than something that exists independent of us? Second, questions of ethics change with time, place, person, and circumstances, and the same action may be right in one situation and wrong in another, even within a given culture or society. How can there be any objective theory of morality when something is wrong at one time and right at another? This problem is aggravated by the scientific belief that nature is uniform: the same laws and material reality exist everywhere in the universe and these laws and material reality do not change with time. If nature is uniform but morals are not, then morals could not be natural. Third, we suppose that the causal connection between an action and its consequences exists for facts but not for the morality of those facts; for instance, if someone pulls a trigger on a gun, there is a causal connection between the trigger pull and the bullet emerging from the gun’s barrel, but no causal connection between the trigger and whether the shooter’s action is punished or rewarded.

The above three problems are closely related to questions of reality and natural law within science. Science treats reality as objects that exist independent of other objects but moral issues depend upon social, cultural, organizational, temporal, spatial, and circumstantial contexts. Science describes the effects of our actions but not their moral consequences. In fact, no action is right or wrong in science, and the effects of these actions can only be described as material transactions but not judged as morally right or wrong. A further issue is that science reduces the mind to matter, thereby eliminating a role for choice in nature. If there is no choice in action, then the consequences of those actions cannot be tied to moral judgments. Given these problems, moral consequences—e.g., why do bad things happen to good people?—are outside the scope of natural theories.

G. E. Moore in his book Principia Ethica rejected any connection between morals and nature as a naturalistic fallacy. He claimed that questions of morality are so ineffable that it is not possible to associate the facts of nature with their moral judgments. David Hume before Moore had similarly argued for a divide between is and ought claiming that nature only tells us what it is not what it ought to be. The early days of modernism thus led to the notion that scientific and ethical questions have to be dealt with separately. In one sense, this was necessary to separate science from the hegemony of the Church. In another, it was convenient to focus on natural problems that could be solved through observation and mathematical laws. By separating natural causes from moral judgments, philosophers condoned the existence of a moral God, though much limited in the scope of His control of nature. God, in this view, only delivers moral principles which are outside natural science. God may be the one who judges according to these principles, but they are independent of science.

Of course, the naturalists were not entirely convinced of this separation, because it left the loophole that God may still exist and deliver moral judgments, making humans accountable to God’s view of morality. In recent times, therefore, several theories that hope to explain morality based on natural principles have emerged. These “ethical naturalists” counter the problems associated with the moral relativism of society, culture, time, or place, with theories that can be based on facts about nature. Evolutionists for instance claim that altruism is good for the survival of a species as a whole. Hedonism suggests that moral goodness is that which increases the pleasure of its actors. Utilitarianism claims that morality is that which maximizes the benefit and minimizes the loss for a group of actors.

The problem with ethical naturalism, however, is that it is not entirely natural—at least the way naturalism is understood today. For example, each of these viewpoints recognizes a role for choice (e.g., that we may or may not choose to follow ethical action, even at the detriment of our own existence) but how do we explain this choice? If ‘collective good’ is a natural concept, then ‘individual good’ must be a natural concept as well; however, how do we define this ‘good’ collectively except in relation to our intentions, which indicate a directedness in nature, when nature has no directedness? If pleasure is the measure of ethics, then what is pleasure? 

An even more fundamental problem is that to define a contextual theory of ethics, we must recognize the reality of contexts, which depend on the idea of boundaries in nature—those which create contexts within which moral judgments are performed—although there is no natural explanation of boundaries in physical sciences. Materialists claim that objects exist in space-time and they randomly aggregate into structures, which appear as contexts; the context is, however, not real in itself; it is merely a collection of independent parts. But if the context is an epiphenomenon of the parts, then morals must reduce to the physical properties of objects. And that reduction takes us back to the original problem: physical sciences can predict whether the trigger pull will cause a bullet to be fired but not whether that trigger pull is right or wrong. To perform a contextual moral judgment, the context must be real and independent of the parts in it because then the contextual judgments would not reduce to the properties of the parts as they would be attributed to the whole.  

The problem of ethical naturalism, therefore, reduces to the question of whether collections are materially real or merely epiphenomena of independent parts. Physical theories—as I will extensively discuss in this book—falter when they have to deal with object collections rather than individual objects, which suggests that there is a real role for a new kind of physical construct (boundaries) but such a role does not exist in current science. I will describe how the induction of this idea needs a shift in our thinking about matter from independent objects to contextually related symbols of meaning. The order and structure in matter, in this view, is an outcome of matter encoding meanings, rather than aggregating randomly. 

This book describes an alternative view of matter. The cornerstone of this revision is that material objects are created, structured, and ordered by meanings. Meaning are therefore not just in the mind; they are also present in matter. The book extends some of my prior work that describes the problems of indeterminism, uncertainty, incompleteness, irreducibility, and irreversibility in physical, mathematical, and biological sciences. That work showed that the problems of incompleteness, indeterminism, and incomputability in physical theories can be resolved only if material objects were viewed as symbols of meanings. The world of symbols now has to be described using a hierarchical and closed notion of space and time, rather than the flat and open space-time of current science.

Once matter can encode meanings, it becomes possible to think about theories of nature also as material entities. In fact, we can now speak about a theory as a subtle form of matter which exists as our understanding of reality, quite different from the reality itself. Obviously, the theories would be associated with observers rather than with the external world. A direct consequence of this premise is that there are potentially as many real theories of nature as there are observers. All these theories exist; however, they may not necessarily be true, quite like false ideas can exist in our minds. There is, now, a profound need to understand how only one theory of nature is universally true, even though false theories also physically exist. It is also possible to speak about the evolution of theories quite like the evolution of material objects; the evolution of the theory would, however, arise due to its differences with the universal theory.

It is well-known that phenomena underdetermine the theory.  There are many plausible explanations of a phenomenon, which would seem to work equally well. However, as newer phenomena are added, the number of plausible theories rapidly declines. Science progresses by incorporating newer phenomena into the same theory. A given theory—which was formulated to explain a given phenomenon—would be modified as newer phenomena are added to the list of facts that the theory must explain. To develop a perfect theory of nature, therefore, the theoreticians must consider ever more phenomena and try to explain them using their particular theory. Of course, this modification depends on the theoretician encountering newer experiences that compel him or her to modify the theory. If I have a false theory of nature and I always verify it against a single type of phenomena, which reinforces the theory, the theory can never be improved. To improve the theory, I must find phenomena that do not fit the theory and then find appropriate modifications to the theory. This is not always assured. For instance, how do I find the phenomena that will not fit the present explanation and modify it?

This is possible if we can speak about natural laws of interaction between reality and its theories. Science currently describes the evolution of material objects. Can there be a science that describes the evolution of theories? I will argue that this is possible when matter is conceived semantically as symbols of meanings. The interaction between a theory and phenomena will modify the theory. The law of nature will now describe how a semantic entity—i.e., the theory of nature—interacts with another semantic entity—i.e., the phenomenon—and that interaction modifies the theory of nature.

But what does the evolution of theories have to do with morality? I will argue that, if we adopt the semantic view, then the interaction between a theory and reality represents the choice of interpreting reality. The choice is in one sense free—we can choose arbitrary theories of nature to explain phenomena. But the choice is also compelled by the encounter with new phenomena. Whether to use a new theory to explain the newer phenomenon or leave the phenomenon unexplained as random behavior in nature, now becomes a choice. It is not a perfectly rational choice, so choice has to be separated from rationality. Once the role of choice is understood in the context of theory formation, we can speak about right and wrong choices; the right choice is one that adjusts our explanation of the world in terms of the newer phenomena, while the wrong choice just ignores it. 

Since choice is a new type of fundamental construct involved in the interpretation of nature, we can conceive a new type of causal model for it. Unlike the material objects that are just involved in causes and effects, choices have effects, but also additional consequences. The interaction between theory and reality, therefore, produces a new type of logical-material entity which can be called the entitlements and obligations of the observers. If the theory is false, then its obligation is those experiences by which it can be corrected. If the theory is true, then its entitlement is those experiences that reinforce it. These entitlements and obligations determine subsequent experiences. As the observer undergoes new experiences, the theories may be modified, since the new phenomena may not fit the current theories.

For morality to exist in nature, free choices must exist prior because if there is no free choice then there is no responsibility, and moral consequences of choices cannot exist. But for free choices to exist in nature, meanings must exist even prior because choices are always made upon meanings. For example, a theory as an interpretation of the facts in the world is a type of meaning. In that respect, before a natural theory of morality can be formulated, a semantic view of nature must exist. This view describes the world as meanings and the observer as the theory of the world. The interaction between the theory and the world is now the ability to interpret the world differently and these interpretations must be responsible. The outcomes of such interactions, when they can be described naturally and when they have causal effects, can be used to understand morality. 

This book argues that the universe has to be described in a way that contains both reality and theories about reality. Both of these can be material, but they are different kinds of matter. If, therefore, an observer has an incorrect theory of nature, the observer would be led into experiences that may cause changes to the theory. The evolution of objects is the physical theory of nature, while the evolution of theories represents the evolution of observers. When the evolution of the observer depends on their theory about nature, then false theories don’t just have epistemological implications, they also have moral implications. In particular, a false theory will compel the observer to undergo novel experiences to correct the theory. 

Morality and truth in this view are not separate judgments; they are identical. The judgment of truth involves the question of whether a theory is true. The morality of the judgment is that we are obliged and compelled to only adopt truth. Acceptance of falsity is immoral and has consequences that force repeated encounters with those experiences, which may then correct the theory. Nature is therefore goal-oriented. Its goal is to correct our understanding of reality.

This shift allows us to study morality in the same way that we study truth, and theories of morality can be theories of truth. Accordingly, there is a true theory that governs nature, and there are observer-specific theories of nature that materially exist although they may be false. The evolution of nature is governed by the true theory of nature and the evolution of the observer depends on their individual theories about nature. In effect, different initial conditions for observers create different trajectories of experiences. These observer trajectories are different from object trajectories; both object and observer trajectories are determined but they require different kinds of descriptions. In particular, the observer trajectory is based on moral judgments of the observer while the object trajectory is the material theory of objects. Objects and observers both exist in nature, but they are different kinds of matter: the observer is the theory about objects, which can potentially be incorrect. Questions of morality can thus be tackled in science by bringing theories, which are presently in the Platonic world, into the real world. The evolution of observers (as different from the evolution of objects) can thus be viewed as the theory of moral consequence and responsibility that arises from the discrepancy between reality and its theories. The morally correct action is that which follows a true theory of nature.

While a mathematical theory of ethical naturalism is outside the scope of the current work, Moral Materialism sets up insights that can be used to develop such a theory in the future. This allows us to see how ideas about morality could be understood in a scientific theory that describes material objects as symbols of meaning. 


 

1: The Problem of Morality

 

 

A system of morality which is based on relative emotional values is a mere illusion, a thoroughly vulgar conception which has nothing sound in it and nothing true.

—Socrates

 

Free Will and Determinism

Determinism and free will are contradictory ideas, but they are necessitated by two equally important assumptions we carry about the universe. Determinism is mandated by the view that the universe we live in is a rational place because then we can predict the occurrences using logic and mathematical laws. Free will is essential because once we have the ability to predict the occurrences, then we should also be able to use these laws to manipulate nature for our benefit. After all, if we knew how nature works but could not manipulate this working, then the knowledge would seem quite pointless. Science discovers natural laws and technology manipulates nature using these laws, but most people do not see the contradiction between science and technology: scientific determinism is false if there is free will and technological freedom is impossible if there is determinism. 

 If there is complete determinism in nature, then we could not have goals and choices—not even of technological innovation. On the other hand, if we were completely free, then natural laws themselves would not exist, upon which the technological innovations have been built. The contradiction between free will and determinism is resolved by the postulate of morality: it performs the balancing act between extreme determinism and complete freedom. The balancing act suggests that our choices must have consequences; that we are free to choose, but we must also own the results of that choice. There is hence a free will in choosing between alternative paths, but there is determinism in the consequences of those choices. The real question, however, is: Can we describe the connection between choices and consequences in a rational manner? Or is that relation established by some divine judgment—e.g., the choices of God?

The problem of free will and determinism is essentially one of understanding if the rational place can also be a moral place; in fact, in some sense, the morality in the universe must also be identical to its rationality. This has seemed very difficult in modern times due to some peculiarities of modern science that I will shortly discuss. The problem stems primarily from the fact that the scientific model of rationality entails the ability to predict the occurrences in nature, but precludes the ability to choose between possibilities. Therefore, if nature is rational, then free will must be an illusion. If, however, free will exists, then nature’s rationality must be false. I view this conclusion as a problem in the present scientific model of causality. For instance, can there be a causal model of nature where the cause-effect relation could be modified to include choices and consequences?

The contradiction between free will and determinism arises because determinism seems to entail that there is no free will. In a moral universe, the reward or punishment for our actions is due to the fact that we choose to act in different ways and those choices make us responsible for our actions. If we did not choose, then we would not be responsible, and if we are not responsible then we should not have to suffer or enjoy the consequences of our actions. Determinism, however, entails that if the universe is rational then we can predict everything in it, and someone’s choices would not make a difference to what actually happens in the universe. If the universe evolves exactly how a deterministic law predicts its evolution, then free will is superfluous to the occurrences in the universe. If the universe is deterministic, then what happens in the universe had to happen. We have no choice in making something happen and therefore we are not responsible for our actions. Why are then some people rich and others poor? Why are some people successful and others failures? Why are some people loved and others ignored?

Two kinds of solutions are generally offered for this problem. The first one says that the universe is not deterministic. Of course, if the universe had no laws, then it would be impossible to make any predictions, and science itself would not be possible. Given the tremendous successes of science, it seems obvious to assume that nature is ordered and predictable. The critic of determinism, however, claims that although there is some order in nature, not everything in the universe can be completely predicted. This is because science is fundamentally incomplete and it would not be able to explain every possible phenomenon in nature. The things that cannot be determined by science represent the things we can choose from. So, scientific laws preclude many possibilities but they also include many possibilities, and free will is the ability to choose from them.

The determinist obviously disagrees with this solution. He or she would argue that science will eventually be complete, although there may be areas in which current science is inadequate. When science reaches its pinnacle of completeness, it would explain free will as the byproduct of chemicals in the brain. Since those chemical reactions can be deterministically predicted1, it is wrong to suppose that free will is a fundamental causal agent. We might rather suppose that free will is an epiphenomenon of chemical reactions. Like the fluidity of water is an epiphenomenon of H2O molecules, we can suppose that properties such as consciousness and free will are produced through a complex structuring of atoms and molecules.

The conflict between free will and determinism, therefore, reduces to the question of whether science can be complete. If science can be predictively complete, then there is no free will. However, if science must be incomplete, then there is room for free choices in nature. Whichever way we answer this question, we would have lost one of the two equally important assumptions about the universe. If science would be complete eventually then the universe is not a moral place and claims of determinism will preclude free choices. If, however, science will always be incomplete then the universe is not rational; there will be things that we can know but can’t predict. At this point, it seems that we are faced with a choice between a rock and a hard place: neither option is completely acceptable to us.

There is another profound problem in this debate, which cannot be ignored. Assuming science is incomplete and there is room for free choices, how would choices interact with matter? The problems arising in understanding the interaction between matter and free will have been debated for many centuries now. The point at which free will interacts with matter, free will becomes matter. The problem of the interaction between free will and matter thus leads to a reduction of free will to matter, returning us to the problem we started out solving—namely that science is incomplete and free will is supposed to fix it. If free will is supposed to fix scientific incompleteness and free will reduces to matter then we cannot fix the incompleteness.

It would therefore seem that even if science were incomplete, the postulate of free will would not fix the incompleteness because free will could not interact with matter without being reduced to matter. If matter exists only in a state of possibility, free will could not produce reality from it without itself being reduced to possibility. If free will also reduces to possibility, then the sum total of matter and free will are both in a state of possibility and there is no reality. The only consistent position that allows some reality to exist is that of determinism without free will. This might seem unintuitive, but the brief reasoning shown above leads us to that conclusion. 

Finally, there are also some problems of moral responsibility which can be avoided only if the universe is deterministic. Suppose, for instance, that Max Planck (the inventor of quantum theory) had free will to change some part of the world and he used that free will to invent2 quantum theory. The theory obviously created new possibilities for the development and use of technology that did not exist earlier, such as electronics and nuclear bombs. Since Planck created the atomic theory, is he now responsible for the things that are done using that theory? Obviously, we remember Planck as someone who started a revolution, and his ideas were adopted and subsequently extended by many others. As the originator of those ideas, is he responsible in some sense for the subsequent work of others? 

Most of us would be quite comfortable crediting Planck with having a very important role in a lot of subsequent development in science. But this question becomes problematic in two ways. First, if Planck is responsible for the good changes that came about using quantum theory, then is he also responsible for the bad ones, such as the atomic bomb (I will, for the sake of argument, assume that the atomic bomb is a bad thing, although some people argue that the bomb is good because it prevented future world wars)? Second, if Planck is partially responsible for the choices that other people made after him, then does it minimize the free will of those individuals? For instance, can we now say that our current choices are actually constrained by the actions that other people performed in the past? If that were indeed the case, then how could we be responsible?

The problem here is that if we attribute free will to individuals, by which they change the world, then their actions themselves seem to infringe upon other’s free will and this makes the original actor responsible for the good and bad deeds even of later actors. On one hand, it would seem that an actor’s actions could potentially stretch their effect far into the future, making him or her responsible for those effects. On the other hand, the same extension would rob others of their free will and if a sufficiently large number of such influences could be traced into the past, this would seem to deny free will.

Most commonsense thinking asserts that Planck is not responsible for what happens after him because the world of things itself does not determine how it is used because that use depends on our interpretation which is not in the thing itself. For instance, we might say that quantum theory is not good or bad; it is our choice to use it for electronics or atomic bombs that make it good or bad. But this line of reasoning is problematic because it entails that what happens in the world (electronics vs. atomic bombs) is governed by choices, and the choices must somehow interact with the world, taking us back to the problem of the interaction between the world and our free will. And if free will and the world can indeed interact, the outcomes in the world depend on our choices, and the actors must therefore be responsible for those actions, even if these actions are in the future and performed by other actors. Furthermore, if past actors' actions influence the present and there is a very long past behind us, then in what sense have we been left with choices that we can call our own? Aren’t we simply predetermined products of choices in the past?

Whichever way we look at this, the idea of free will seems to create different kinds of problems. The interaction between choice and matter is problematic and entails that science is incomplete implying that nature is not entirely rational if it has to be moral. Furthermore, if nature is moral and there are free choices, any actor’s actions could stretch their effects into the future, thereby encroaching on other actors’ choices, making the original actor responsible for the outcomes that occur in the future. If this reasoning is extended, then one could argue that a moral God who created the universe did something that makes Him responsible for everything that subsequently happens. For, if the universe had not been created, the subsequent good and bad choices would not be possible either. As the creator of the universe, therefore, God must be responsible for all our choices.

Given all these problems, it appears that the only consistent and snag-free solution is to suppose that science is complete, nature is deterministic, and there is no free will. Indeed, a growing swath of scientists now thinks in this way. They claim that the experience of free will is an enigma of science—i.e., how material interactions produce experiences and the impression of free will—not a fact about the morality of the universe with free will and accountability. Furthermore, science is in principle complete, although we might not be currently in possession of a complete material theory of nature today. Progress in science will eventually produce a complete theory, which can then be used to explain free will as an epiphenomenon. 

 

The Cosmic Drama

This book offers a solution to the above problem. In the solution, both determinism and free will are equally real. That is, science is complete and it can completely predict everything about the universe. And yet, we are also completely free to choose what we want. While the details of this solution—and how it would be grounded in the current problems and future development of science—will come in later chapters, let me try to sketch the solution through an everyday intuitive example here. I have often discovered that things that can only be understood through a very complex structure of reasoning are not very well understood. Conversely, when things are well understood, they can be stated quite simply. So, let me provide a simple illustration of the solution.

Imagine that the universe is a cosmic drama whose roles and events are fixed a priori by the playwright, but its actors have not yet been identified because the play hasn’t yet been dramatized3. The director of the play seeks to dramatize it and goes in search of actors to enact its roles, events, and dialogues. Assume that the director has access to a large pool of actors who could participate in the play. The director could choose actors based on a variety of factors such as their height, gender, acting talent, and suitability to play a certain role. The actors, too, have to agree to play a given type of role. They might sometimes be compelled to take on a role because other roles have already been taken by others, or simply because they are desperate to participate in the play in whatever capacity they can. If the play runs exactly as how the playwright wrote it, then the events in the play could be completely predicted even without watching it, or even without the play being enacted on a stage. The only difference between the playwright’s version of the drama and the actual enactment on the stage is that some actors have been chosen to play certain roles. Ideally, we can assume that the play would not be different even if a different set of actors enacted the play, as far as the audience is concerned. The play with different actors would however be different for those actors participating in the play. 

If the universe is a cosmic drama and its script is prewritten, then it is possible to know and predict everything that will happen in the universe deterministically. And yet, this determinism would not preclude the possibility that different actors could enact that drama. There can be complete determinism in the universe as far as the events of the universe are concerned. And there can be full freedom in the universe as far as the selection of actors is concerned. Of course, the freedom to choose actors for specific kinds of roles is not necessarily arbitrary; any good director expects certain traits and abilities in the actors to play certain roles. But these traits and capabilities do not fix a specific individual actor; we can imagine that another actor with the same ability could play the role as well.

It is also imaginable that the total number of roles and events in the play exceeds the total number of actors such that the same actors must enact several roles one after another. Some actors who play multiple roles would have to run backstage, change their costumes and makeup, just in time to be ready for the next role. The director also has to ensure that the roles and actors are planned in a way that the same actor isn’t required to play multiple roles simultaneously, and there is an adequate lag between roles so as to allow an actor to prepare for the next role after having enacted the previous one. 

When the universe is seen in analogy to a drama, it is possible to reconcile the determinism of events with the choice of actors. There are two ways in which such a drama with many roles and many actors can be described. The first description is about the occurrences on the front stage where the events of the drama are enacted. This is how the audience views the play. But there is also a second description of the drama about what transpires backstage where the actors change costumes and makeup. This is how the director views the play. These two descriptions of the play are complementary and underdetermined by each other. For instance, the same events of the play could be enacted by different actors, and the same actors could enact different events. The events and the actors are connected in a specific play, but the actors don’t fix the play and the play doesn’t fix the actors. When the playwright authors the play, he or she only defines the roles, although not the actual players in the drama. The events on the front stage are therefore the ‘visible’ component of the playwright’s work. The events on the backstage are invisible to the audience but they are visible to the director. The playwright’s work is a complete description of what happens on the front stage and the director’s work is a complete description of what occurs on the back stage. Only a combination of the two, however, produces a drama.

The above analogy isn’t yet rigorously grounded in any scientific ideas about matter, and it only represents a schema of how the free will and determinism debate could be solved. Subsequent chapters will try to identify the intuitions that can aid in the development of such a view of nature. My main aim in providing this suggestive picture here is primarily to illustrate that it is possible to conceive a reconciliation of both free will and determinism provided we can demarcate their respective functions. Determinism, in this case, is all that happens on the front stage in full view of the audience. The script for the play is defined in advance and it can be read by the audience even before they arrive for the show. If the play goes according to the script, there is nothing unexpected. The play is determined by the script. Free will here is the choice of actors to enact some role. The audience does not see and does not know how actors change roles. Knowing the script of the play itself does not determine the actors.

This picture separates the events from the actors in principle but connects the events to the actors in a play via a role. A role represents the events occurring in the play, while the actors represent those individuals who enact the events. This type of separation between roles and actors does not exist in current science; the actors are objects with properties and these properties, in turn, determine the events in the universe. Unlike the above picture of a drama where there are two things—a role and an actor—in current science, there is only one thing—actors. These actors are governed by deterministic laws, and therefore the actor has no choice to jump roles. Determinism and free will are therefore not inherently contradictory. Rather, the contradiction is created by collapsing the distinction between an actor and a role. If the actor is the role, and the actor is free, then the role cannot be predicted. On the other hand, if the actor is the role, and the role is fixed, then the actor is not free. The contradiction between free will and determinism is an outcome of trying to equate the actor with the role. If this distinction were reinstated in science, it would be possible to imagine a scientific solution to the problems described earlier, without compromising either the completeness of science or the moral latitude for accommodating free choices.

 


Newton’s Mechanism


The current predicament in science is an outcome of Newton’s conception of science. The picture of nature widely employed as the working hypothesis in science stems directly from Newton’s theory of gravitation that fashioned the idea that nature is objects with possessed properties such as mass; these objects exist independently of the other objects and observers; their state changes are governed by natural forces such as gravity; their dynamics can be described deterministically by mathematical laws. In this picture of nature, the actor and the role are identical. The role played by a particle is fully determined by its properties (such as mass). You cannot say that the actor can play many other roles but is currently playing one of them. You must say that the particle is doing all that it can do. Properties like mass exert a force on the other masses, causing the particles to move. This motion can be drawn as a trajectory of the particle, thereby creating a picture of the role being enacted in the universe. However, the role and the actor cannot be separated because the particle and its behaviors (such as motion) are identical. The particle is the trajectory, and therefore the role is not distinguishable from the actor. 

 In the case of a drama, we can distinguish between the role (e.g., their actions and dialogues) and the actors because the actors are capable of playing other roles. This capacity to play other roles exists in the particle as alternative trajectories, provided we change the initial and boundary conditions of the particle. But this change to initial or boundary conditions becomes a choice that is eliminated in the real world. The world—once put into some initial and boundary conditions—evolves deterministically thereafter. Even if you change the initial or boundary condition, that change is also predictable. In short, the roles played by actors—i.e., the trajectories of the particles—are identical to the particles because each particle has a fixed trajectory, which makes the theory deterministic and eliminates choice.

If, for instance, Newton’s theory had begun in the idea of trajectories as the primary constituents of the universe, and masses were selected to fit the trajectories, the distinction between the trajectory (role) and the mass (actor) would be obvious. It would also be obvious that the same mass could fit a different trajectory, creating the same indeterminism of the role-to-actor mapping that exists in a drama. But, this is not how classical physics describes the world. Since we cannot distinguish between a particle and its trajectory, we also cannot introduce the distinction between a role and an actor. In classical physics, the actor is the role; the trajectory is the particle.

 

The Need for Trajectories

The idea that particles are the primary reality in nature leads to a problem of particle conservation. If particles are real then they must also be immutable, and the total number of particles must be conserved. Reality in physics is tied to the idea of conservation; for instance, the property of momentum is real because momentum is conserved. The total number of particles, in Newton’s physics, is not conserved. Rather, particles can split and combine, and while such changes would conserve other real properties such as the total momentum, they would not conserve the total number of particles. Since the total number of particles cannot be conserved, it is theoretically impossible to assert the reality of these particles in a physical sense. While we can say that momentum is real (since it is conserved) we cannot say that particles are real (since they are not conserved).

Of course, the problem of particle conservation also indicates that the trajectories also cannot be physically real because the total number of trajectories too cannot be conserved: trajectories can abruptly begin in object splitting and they can abruptly end in object combining. This is a contrast to the example of a drama, where the trajectories are preserved. For instance, if an actor fell sick and could not play a role, there would be a substitute actor in his place. The play would not change; the actors will be substituted by others. Therefore, the trajectories in a play are predetermined; they may not be conserved: e.g., a character can die, and his role would no longer be required, and his actions would no longer be visible. But there are many cases in which the actors can substitute for each other, so the distinction between the actor and the role is obvious. I’m quoting the example of object splitting and combining because it makes classical physics predictively indeterministic. The particle is still the trajectory, without the distinction between an actor and a role. A drama on the other hand is predictively deterministic—i.e., you can tell what is going to happen, but with a distinction between an actor and a role, because even if an actor fell sick, someone else would replace him.

What is then real in nature? In Newton’s theory, mass, energy, momentum, and angular momentum are real, but particles and trajectories are not. If mass, energy, momentum, and angular momentum did not exist, particles and trajectories could not exist either. Particles and trajectories are therefore constructions from mass, energy, momentum, and angular momentum. That is, the universe begins in some total mass, energy, momentum, and angular momentum, which are then partitioned into particles and trajectories. Ideally, the goal of a physical theory should be to describe not just what is real (because it is conserved) but also how that reality produces phenomena (trajectories) by partitioning and combining that reality. One of the problems in modern science is that it can describe what is real but it is unable to predict how phenomena are produced from reality. That is, science can tell us which properties are conserved, but not how these properties are divided to create individual particles.

The genesis of this problem lies in the fact that while particles and trajectories are produced by dividing mass, energy, momentum, and angular momentum, there are infinitely many ways to divide them, thereby producing infinitely many sets of particles, which result in infinitely many sets of trajectories or phenomena. Each such way of dividing the conserved physical properties corresponds to the same reality although this reality appears to produce different phenomena. How can a single reality produce many phenomena?

It is worth illustrating this problem through an example. Imagine that there is a particle moving along a straight-line trajectory. This particle can abruptly split into two particles which then move in different directions. The split of the particle is consistent with Newton’s physics for two reasons: (1) it obeys the laws of conservation of mass and momentum4, and (2) the split requires zero total force. The split of the particle seems to violate Newton’s first law of motion as often stated in textbooks, namely, that an object continues to move in a straight line path unless disturbed by forces. The law is violated because in the case of the split the object doesn’t move along a straight-line path as it is split into two particles. This might lead you to believe that the particle can never split. However, this statement of Newton’s first law of motion is a combination of two distinct ideas: (a) that momentum is a conserved property and (b) that the trajectory is the motion of an immutable particle. If the particle is not immutable, then the object can split without violating momentum conservation. Indeed, as we saw above, the idea of immutable particles is rather meaningless in physics because Newton’s physics does not profess the conservation of particles as a fundamental principle of nature.
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Figure-1 Particle and Trajectory Splitting

 

There is a sense in which Newton built the idea of immutable particles into his physics, although if we were to take this idea seriously then particles could not split and coalesce. Particles could only collide and maintain their identities or exert forces at a distance without ever being in contact. Coalescing and splitting would now be outside Newton’s physics. Newton’s theory is deterministic only if we prevent coalescing and splitting; this is called elastic dynamics. The determinism fails when material particles can coalesce and split; this is called inelastic dynamics. This fact is obvious in Newton’s first law of motion which asserts two distinct ideas—momentum conservation and particle immutability—although only the first of these ideas is physically real. This is then the dogmatic aspect of Newton’s physics: it uses the idea of particles and everyone who learns physics treats such particles as something real in nature, although the immutability or reality of such particles cannot be asserted in physics. The idea of a particle only supplies a realistic flavor to science, although in fact, we can only treat particles as phenomena, not reality.

A more accurate picture of classical physics is that it prescribes some fundamental properties such as mass, energy, momentum, and angular momentum, and these are real. Particles and trajectories are constructed from these properties by dividing or distributing mass, energy, momentum, and angular momentum into trajectories. There are infinite ways to divide the same total mass, energy, momentum, and angular momentum into such trajectories and there is nothing in Newton’s physics that predicts it. This indeterminism is easily observed in the fact that there is no way to predict whether a particle will split into two particles: both split and non-split scenarios are consistent with all conservation laws. The only way to prevent the split is to assume that particles are immutable, which Newton subsumes in his first law of motion, but which is also an unphysical idea because the conservation of particles is certainly not true.

Newton’s theory is deterministic only if we assume immutable particles. Each of these particles would move without changing their identities; the particles would never merge or split. The idea of immutable particles is implicit in Newton’s theoretical formalism although it entails the conservation of particles which is never claimed. It is separately added to allow Newton’s physics to portray a deterministic picture of nature where material objects are real and the universe exists as a collection of such immutable particles. If the particles are not immutable—and they are not immutable—then the universe is not deterministic. Newton’s theory is consistent with many possible distributions of matter in space and time, even if we begin with a fixed initial condition. The evolution is deterministic only if the particles are immutable because then the total number of equations to be solved is fixed. As particles merge and split, the number of equations changes. While each equation may be deterministic, as the number of equations changes by the merging and splitting of particles, the total evolution of the universe becomes indeterministic.

I’m making this point because the supposed determinism of classical physics is false. This injects a new problem into science—i.e., recover the determinism in a new way. And that could be possible if we discard the Newtonian equation of particles with trajectories. The trajectories could be deterministic, but the particles may not be. That would in turn introduce a distinction between objects and roles. The trajectories would be the roles, and particles will be objects. The introduction of this distinction follows a problem—the collapse of determinism and the desire to reintroduce it in a new way. However, as we noted above, such determinism is compatible with choice.

When we allow a separation between objects and roles, then the picture of reality is deterministic, as far as the events in the universe are concerned, provided we look at these events from the ‘outside’—quite like the audience views the drama on the stage. The determinism arises because the entire space-time structure (i.e., particles, their properties, and trajectories) has been chosen. However, a rather different picture of nature emerges if we look at the events from the perspective of the objects, if these objects are treated as observers. The difference is that when matter is distributed in space-time, there is only a consideration of types but no consideration of the individuals. For instance, two trajectories with mass M can swap the masses and the universe would be identical from the standpoint of the external observation but it would be different from the viewpoint of those objects if those objects were observers. This is because the two trajectories would pass through different events5, and by swapping the masses, the respective observers will have different experiences.
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Figure-2 Particle Swapping Creates Indeterminism

 

The situation is now comparable to that of a drama being enacted by different actors. Two actors X and Y can play two roles U and W, and which role they play makes no difference from the standpoint of the audience but it does make a difference to the actors. As the distinction between a role and an actor in a drama, there is also a distinction between the trajectory and the material properties. 

 

The Need for Objects

The problem of indeterminism doesn’t go away by separating the physical properties like mass from the events associated with these properties. It is easy to assume that the mass is the particle, and when the mass splits, then the particle splits as well. After this split, we continue to speak about particles as objects which possess properties such as mass. The situation is akin to that in the drama, where an actor might be substituted by another with similar properties like height, weight, dress, looks, etc. Their behaviors are determined by the script of characters, the choice of an actor is decided by their suitability to play a certain role—e.g., their height, weight, looks, etc.—but they may still be different individuals or persons.
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